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(IIIAITKII I. 

i*aisth: of \\!i vr n jmfuhij), now ukhtuoykd, classification as 
•Hit s; I'JWMl.VJ 8 «\ N1 1 i.M.ltr KFimTANOKH, A1)11LTKUANTH, KTC.* 

What in |mittlV Thin quantum (’tin be answered in a broad way 
by wiving: It i« any liquid or semi-liquid substance applied to any 
metallic, wooden, or other surface, to protect it from corrosion or 
decay, or to jibvo color or ghw*, or nil of these qualities, to it. 

A letter dcliiiitioit would be, that ptiittt in a compound of a pig¬ 
ment nod n liquid, umadly applitnl to any surface with a brush, for 
the ptirjHw of protn’tiuii, or to secure artistic effects; which liquid, 
after undergoing eerluitt change*, in part mechanical, or chemical, 
or 1 h »th, ha* the |«mer of holding tlte pigment to the* coated surface. 
It in e\ ideitt that tin’ latter dehnition would also include those com- 
{Httiud « nhieh nr** applied to many *urfar«*s either hot or cold n« a bath, 
rather than by a brush, solely nn n matter of ronvenirner or rapidity; 
and particularly ho w hen metallie mem! tens of large size, or with 
intricate and hidden parts, an* to l*c pmtwted. 

111. * lewirHiiahi of ii g<«Ml paint, for whatever use intended, are; 
b'irnt. That it shall adhere firmly to the surface over which 
it b ftpread, and not •hip or |»eel off. It must 1 h* non-corrosive to 
the mutfii-d it i* used to protect. as well ns to itself under long jjcrioda 
tif ntiiiosphetie e\{«*Ntm* and ehetuieal changes. It must form ft 
wsrfiiei* hard enough to rt-sbt frictional influences, yet elastic enough 
to eonfonu to nil changt** of temjrnrattm*, or with a coefficient of 



influences tmit govern rosinw. 

Third'. —That it shall dry with suHieirnt rupidit) . Thb bine- 
tion depends mostly upon the vehicle or liquid u**ed \u?ls tin- pig¬ 
ment, though tho pigment 1ms in many eases an influence, us will 
be seen further on. 

Fourth .— 1 Tlmt it shall have proper durability, which h n bine 
tion both of the pigment and liquid. And as tin- quo tom •<! n*M 
is in many eases the governing factor in tin* *ehrtn*u *<t n jaiiit, 
the question of durability may be regarded as the hh-.i imp..Hunt 
one of the list. It should lit 1 understood, however, that u paml run 
be durable per sc, and not be protective in the Min t mim- »«t ihe 
word, as can be illustrated in the ease of a giswl j»mnt applied r.. the 
surface of a sheet of iron coaled with rust. The liquid «•!« im-nt m 
the paint will not absorb or neutrnlwe t lit* eurt’oMou w ba it it r»,t, 
but will dry regardless of it, and permit the deMructhm id tint- im f.d 
to progress beneath its coat. 

Fifth.—Covering power, by which is meant the j»m\rr «.f n pie 
ment so to cover the surface to which it tuny lw* applied that it:< pn» 
teetion from decay is not only uHsuml, but that the miniumiu amount 
of paint shall oFfoet this purpose. 

The covering power is also used to express the jumer of « pigim-nt 
to protect the oil from decay, in which caw* a large amount of pigm. nt 
and a small amount of oil are used. Thin dewripfion of paint dth-M 
more or less “flat,” the pigment being expos'd to the wrather and 
held in place by the thin film of nil. It i« thought I tv munv tu«iM<-r 
painters that this is the most durahle and Im-M paint b«r gnu-nd u «*. 
On the contrary, paints that dry with it gl*« have a large amount 
of oil and a small amount of pigment, in vvhieh cum* the oil nivun 
and protects the pigment. 

It may be used to express the amount of eolur tijwm the mirfurr; 
as, generally, if a surface has plenty of color upon it the covering 
power is said to be good. To illustrate thi* definition: If mi bun- 
oxide paint is proportioned so that the* ratio I tet ween the pig turn t 
and the oil is by weight />() per cent of pigment mid 50 j«t rent of oil 





the use of which is objectionable so far a* durability ami protwtlv 
power are concerned. 

The covering power is due to two qualities, l or umtarirp Um 

whitewash has very little covering power until it Upturn dry 
Barytes covers well as a water paint, because the water iruvw it a 
a dry powder on the eoatocl surface. But bury to r«vm j»m»rly ii 



Fig. I.— 1 Covering ptm*r of fnunii*, 

oil, because the oil remains with it, and the light tmehw It tbrnugh 
the transparent film of oil. 

Prof. Yon Bezold's experiment*,* from which I quote, MhutlmUi 
how lime, barytes, whit© lead, and other twlultlit# when 





the powder will appear while, and it will he impossible to wee through 
it, but oh Boon oh water in poured into the tube, the powder, to a 
eertain degree, heeomeH translucent. By HubHtituting turpentine for 
the water, the degree of tnumlucency in nmterially ineroaml. If a 
small quantity of Hulphurot of carbon in added (o the turpentine, a 
liquid in obtained that relied* (bend#*) the light about as powerfully 
aw glass. If Home of thin liquid be. poured upon the powder in the 
test-tube, the powder will disappear, and light poms through the tube 
oh freely an though no powder were present. 

If a Holitl glass rod be immeiwd in such a liquor (or a mixture of 
olive-oil mul oil of cassia), it will appear m if the rod only reached to 
the Hurfsvee of the liquid. Within 
the lit i uit l the rod eannot be seen 
(Fig. 2). 

It in shown by tlusc experi- 
meutH that the presence of one 
transparent body within another 
is only detected by the eye when 
the two differ in their power of 
refnicting light. 

Many white mil st mice* an' white 
because they are in Huts particles. 

A white lily is white bcentme it 
consists of little cells which reflect 
nil kinds of light, again and again, 
until it rearlus the eye from Home 
part of its surface. Water be¬ 
come#* white when it is broken into 
fine drojs, as In a waterfall or on the rrtst of waves. White lead 
and xiue owe' their whitenew to their dense, fine, powder-like condi¬ 
tion, and transparent glass become?* white when finely pulvrri*ed.” 

Ah stated before, the finer the pigment is mihdividtni, whetlier aa 
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n paste which i» afterward thinned with oil or volatile#! to a porwtot- 
eney to spread with a brush, or is ground in the oil direct (a proeem 
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sulphate of lime by weight, give rVl '* 1,1: .* " r ’'" l 

power. Prussian blue, the scarlet s, Ink- . mm ■ ' ' t! ‘ l| 

be called “the fugitive colom,” ou armuei .4 f * n !• ’ • - »• ‘ ' ■ 
out, possess the li<jlil-<lixptrsiitti /«""/• whirl. s « « .* * U 

their covering power, when in realil\ l-r a< m.»l ■ ■ ■ ■ : '• f ” ,UI 

substances tlioy are absolutely uorthle*1 h. .■ «• i-> 1 t b. -m 

nominated stains rather than paint-.; tm :•* m mb-. !o > • i o.« ». uti 

of protection from decay or coitomou \vln* l, .«• > • • o ■* f ' 111 11 i 

is solely from the oil or liquid with uhii-h tb* »■ t*s * • ■ 1 

The designing of a paint, Ibr uhatm. i pmp.. - 2- ■ <’d m 

eludes the qualities already Metaima-d. u.* • -elk. cm e. \ »»*' 
ticity, working ([ualities, drying qualita-., dnmbdiit. * *r 

The other quality, the cost, cannot 1 »* umu«i«- 1 , .0.0 ' id - * h • me 
sidered later, as well as wind pigments l*> u «■ t.-« ib* it.*-* . ■ m m-> * 
All pigments do not contain all of the uIho «■ n»i.ihs ?■ St • > ■ • u 1 

naturally arises: Is itnecosatu for a pigment t»* !<» ]"0« o > m ■ 1 . 

with inert substanees, or can a certain amount of f 1 . » ?• t.»■ 

with the pigment without detriment to it ' 

Experiments of long duration lead f«» the r»m* 1 t. - t' a f 5 « 

oxides of iron, lead, mangnue>e, and othri -tame 1 m * - ' , • !•« 

mixed with large amounts of these inert m»I• t .me* » e 1 >■ » , • < 

and generally to the manifest impnnemmf «•! t?.« 1 u- i .. 
tective agent on many struct tires, uotabl \ ! ?, «*! - * ; f. 

A single illustration will sutlice tit make thi un-e.a. > * »< 1 ■« ..j 


iron is one of (he strongest of pigment it. us . ; •. < It 

ounce of this pigment la* spread in two mat- «.. <« t iS . • >.!i„ . _ 

say two square feel, so that, the Mirfae t* 1H" * * 11 4> f ’ ! ' * S t • tl! 1 

the joh l)o declared a satisfactory one *«. fur n- »<•>.«a* „• ■ . ’ s .-u, 

cerned, and in the. second cti.se an ounce *4 tb.- • ,*sm- . ■ . ? r • ? f.,i 

mixed with three ounces of barytes, kw-lin, 5 m 5 . -.*• . ,■, « n 
paint he spread over two hi piare feel of xiirfaer .« f..o r . . , .■ , 

that tlie amount of color per unit of -uirfaer uiU hr ?*.» ,• . r « 

cases; but in one case tlu i re is four time* n* ion. h pi ,- 3 ., - t s: *> Jt 
other, and in the second case thm-fourth* .4 ?!,«• l 5t - * .... t \ nl 


inert material. Kor railway ears mid w.wtden ue ; . v ,u ■ * 
bility of these paints would be in favor of th.- , . 


II indiums and promotes oxidation in nil organic substances with 
which it' in brought into contact., and in nearly all metallic bodies. 
In an oxide-of-iron paint, it is the oil which decomposes, it being 
the organic mat ter. The decomposition is due to the exposure to 
the elements aided by the oxidizing power of the oxide of iron pig¬ 
ment mixed with the oil. This statement holds true only where 
there has been no chemical change or combination between the 
pigment and the liquid. 

Whiting, sulphate of lime, barytes, kaolin, silica, feldspar, and 
talc are the principal inert substances used in pigments. Whiting, 
gypsum, and ban d's are the best of the list; the others, grinding 
greasy, are hard to grind, or of a nature readily decomposed by 
water, are objectionable. Barytes, from its great weight, is objec¬ 
tionable as a paste or prepares! paint. Its use as an adulterant in 
given in Chapters V1 and Will. The sulphate of lime (gypsum) in 
no doubt the best of the inert substances to mix with any pigment, 
all tilings considered. It should lie thoroughly hydratinl. As high 
as Ifi per cent by weight of this substance cun be* mixed with fit) per 
c«*ut of sesquinxide* of iron for a pigment. Many eif the oxide-ofdroU 
pahds are made 1 by ignition of copperas, and a notable* amount of 
sulphuric arid is usually left in the* oxide whirl* the heat has fallenl to 
drive off. From 2 tei 5 per cent of cnrlmuntcof lime is ndde*d to neutral¬ 
ize* the five acid, changing it to sulphate* of lime. In theme projHirtions, 
the pigment really consists of fit) per cent of oxide* of irem amt , p >0 per 
ee*nl of inert mnti'rial, all by weight. Any oxide 1 of iron paint which 
contains hydrated oxitle or Cm* St > 3 will eh'teriornle rapidly by oxidis¬ 
ing the Hejuitls, while any free St >, will ret are! the e Irving of the paint. 

A good paint prepares! for spreading in ordinary temperatures 
upon woe a leu or «*om| smite structures has the ratio by volume* of 
id suit tine third pigment anti twee thin Is oil or litpsid. The practice 
ujmiu one eif the* leading railways of the* l nifesl States, where the 
materials purchases! for paints amount to over HdtHUKK) yearly, w 
to allow 7f» jver rent eif pigment and 2a )>er cent of oil hv weight, for 
the* paints applied to curs and wooden structures. 

Kxperimcutu eletermine that the most durable paints are theme 
which contain a large* amount of pigment j«*r unit of surface; and that 




ical injury; second, the action of ddeteriou*, Jdi-d, «h. mi. .d 

action between the pigment anti the vehicle m h.pnd. /-•■oft,. h« nm ,d 
action between the body covered and tin- parni. mb. « for pmm.-fst 
or the liquid; ft.fill, the action of light; surth, p-ding, um.th. >i*- =f mo 
tion by cleaning; eighth, water. 

Many master painters and manufacturer* claim that fin- di-.imr- 
tion caused, by denning and the action of water an* the «»■» .t ... tin- 
above causes. This is true so far as paint applied !«• n -=f*n« far. a 
is concerned, but has no relation to tin* earner which «ff.. t rh«- d.-tm. 
tion of paint applied to iron or steel struct nil-.-.. V .»».*■! »*i the 
above destructive agents art* common ?n ail --iitirf m,-. «w...•d.-u, 
metallic, or composite) which depend in a main »«r !«■%•> d. /!.•«• f..r 
their preservation from decay or curmdon. upon paint too -u t which 
name all paints, oils, varnishes, japans, and mu face* .it. . b* >.• h it 
may not be amiss to discuss bricily cadi of thro- came. m d«-t m 1 *«•}.<!«' 
citing the destructive agencies which relate h,4»-Iv {.. tb«- «.h.. j,,» 
of metallic structures, tin 1 prevention of which will i».pui»- tm- cn 
sidcration of other preservative method* than pamK ... win. b m.n 
be used in connection with paint to secure the U- t pn.i. < in,- i. M Ji 

First.—Mechanical injur ;/ to wimdui utmciutm p, u>,f , 
cause of detenorat.ion of paint. Near the sea'dinn* 11>«* wind ami 
have the effect of a sand-blast, which cuts away the paint mj.j i\% ;8 nd 
in this case the more elastic the paint, the lex* will t»- ??„ } 4 .,„. 

ical injury. This sand-hliist action is quite a* efif.« in,• ,. u 5, M „. 
structures, and as generally they an* of a u»*«r»* imputant . Snu u 1 
than the wooden cottages mid minor building* «m ih.- it.-, 

action must be guarded against, If the paint e..a!iug i-. »4 a -**sf 
spongy nature it will resist the snudd.lnM, but will m-a-nme 

from the air, and hasten either'tlx* oxidation «.f t hr paint .<1 tf„. 
metallic surface which it covers. 


A further injury to metallic structure can U- ringed under tho 
head of mechanical, viz.: that arising fmm the expand,, and mi,, 
traction of the various parts from the atiinmplierie chang.-* which 
are constantly going on, changes ranging from da degree t 
degrees F. not bdng unusual. It is an imp^ibslltv to 
paint compound so that its coefficient of eWVie «m t-. ..... . ... ' ' 



ih the tale oi the Hali'Hnuui. H may he argued that, these changes 
(‘(lining from the external surface of the paint and being transmitted 
through its coating, it will be the first to adjust itself to the* new or 
varying relation between the metal and the paint, and ho will work to 
the advantage of the paint in making the change, this being in ordi¬ 
nary eases a gradual one. If the paint is of an elastic, close-clinging 
material, and not a hard, vitreous one, the claim will hold good. 

The compounds which most closely partake of this nature, will 
be spoken of hereafter. An addition to this problem will be had 
when the strains duo to the action of wind, the passage of railway 
trains, and those due to ehang( , sof a sudden and vibratory character, 
together with the action of snow, hail, and water driven at high 
velocities, art* added to the temperature change's. These strains 
necessarily come to the metal first, and whatever changes occur 
in the haw by the strain, the paint must, uecompany them. Ah 
these strains art' generally of a vibratory or permissive ehnrneter, 
it ean easily he seen whv they should be classed in the list of 


who have studied paints and protective eomjMnmds, Sulphuretted 
hydrogen is one of the moat common and active of these gases, and 
is torment in exemiive amounts wherever coni is distilled for illuminating 
gas. Sulphurous arid fumes also, being disengaged in the combus¬ 
tion of coal in the many arts, trnnsjMurtatinn, and manufacturing 
processes of the day; game engendered in workshop, l«*ing of a 
emnjxmnd character carrying ammonia, cart tonic arid, nitric arid, 
and other fumes, are active agents of corrosion to metallic bmliea, 
also to the {mint comjHmnds that cover them. (See Analysis of 
Smoke, Chapter XXXVI.) 

Thirtl. ('ht'tnmtl ariirn lietween the pigment and the vehicle. 
Tills is an exceedingly important field of impiiry, and largely an 








ovttjmmtion of thu volntilrM mid prevent* ihr itirr>w of front 

the uir, whit’ll m ttmuHurv in the of dn u^. If f hr »urf{ier> 

tliUH euveml hiw Ihhu ptiin ted while nt n l‘<w Irsisprraftin* «<r during 
a (hint]) nr fuggy ittmoMplirrir rendition, mid idlri there i* a 

nmrkcHl rise in the tenip'mtnrr «»r is hdi in the higf»«r<»j»i« »onditMi 
Clf tllO ftllllOMphrrr, thru the J mill f b liable ft* pr! nf inter, «<r 
after thu ehtuige, Thin rffrrl U hastened uhere ihr noting is a 
heavy imn, or turn hitnl to Mpmid by rr».w»si «4 ihr earth) «»r inert 
Kulwtmirw in tho pigment, or if l«*tudhr lm* l» m used m n dri*-r, 

Am ft general rule, thr mart Bithniatmn that enter into « ptiiisl, 
either ttM pun* pigments, inert Mut«*tmirrs, or m thr «otnp‘*ifio!t ,,f 
tilt* liquid, the more liable it in to j*rcl, A small amount *4 fsnlt t»r 
niiiuiftl or non-drying vegetable nib, though o\idbed hi thr **«l« 1sti**ti 
of inetfillie units and lined in eomiei ti«»n with hisf-rrd or other d« S '.*ine 
oib, iiko hastens nnd pnnides f«*r the rettntuti of the p-e’ing 

The jieelmg of pniul 1 0*10 wooden nntfnri-% In \ rn common, 
jmrtnmkrly if applied on unseasoned hnn!»rr that r»*nt m“S'U*»iro 



nnd air in the rrlhdar formation *4 
tin* tt!M*d Ills fihottl! hi 1 hr * nt Thr ; j|r 

lltld moisture in thr erlb expand 
p alight rise in t* top-riiUirr, nod m their 
fffortM to IW! p 4 (hfoligh thr dfird paint** 
pkitt, ptt»h it tip III tie f<<n« * f hlhterM 

that ronlain the t«inlrisftr»i tiaftstiurr, 
mid result* in thr p*elifi|i of the paint 
in blisters* or In strip, 

A pigment romp**'*! of a tiutn 1 «<r 
frf witwlafirwi, thr different material* of 
whirfi by flirfiweli*-?s Mould form the 
b»M*i« of ft gr«*<| paint, wbrfi roiohiuod 
together with tlsr liquid. isrrrft»iift|% a 


Pin. 8. -detlutar fnrmathm of 
Wi*ml musdtti; the parting nf 


undergo a different rhemiral a* ie«n than 
the several metntsera of f hr pigment 




first to break down or change, the decay of which hastens the decom¬ 
position of the others and releases the bond between the paint and the 
surface over which it is spread, and the peeling process is effected. 

That these chemical changes exist in the above stated case cannot 
be denied, but have not been well accounted for. The fact remains, 
however, that certain paints peel, and though analysis of the peeled 
portion may reveal nothing to indicate the reason for the peeling, 
it is seldom possible to get a sample of the original paint applied, to 
compare its constituents with the peeled sample, and the cause is 
relegated to the hidden drawer of the paint-shop, near which some 
scapegoat can be found to bear the burden of failure. (For other 
notes on the peeling of paint, see Index.) 

Seventh.—Destruction by cleaning. This cause of the deteriora¬ 
tion and destruction of paint applies more particularly to wooden 
structures, railway cars, and kindred objects, than to those of a 
metallic character. It may be sufficient to say we do not wash 
down an iron bridge, roof-truss, or steamship, with a view to its pre¬ 
senting a clean face for inspection and painting. Almost all the 
binding materials of dried paints and varnishes are more or less acted 
upon by caustic and carbonated alkalies, and but little of the soap 
in the market is free from these substances. The detergents sold 
for cleaning are all mixtures of sal-soda and caustic substances with 
lime, pumice, and other inert materials, and the more effective they 
are for removing dirt, the better they are for the destruction of the 
paint. If, in the economy of domestic household matters, two re¬ 
movals are equal to one fire, then it may be cited with equal force 
that two good scrubbings with any washing compound, and most of 
the soaps of commerce, applied with a stiff brush, will be equal to the 
next painter’s bill to restore matters to their pristine state. Aside 
from the element of cost, it is no doubt the better practice, so far 
as the ultimate preservation of any metallic structure is concerned, that 
it should be washed clean with some of the detergent compounds of 
the day, in a very weak solution to remove the dirt, then sponged 
with a liberal amount of clean water, then be allowed to dry thor¬ 
oughly before the new paint is applied; but I must confess as an 
engineer, that the above method of painting is rare, and that the rule is 
for thp naint +n hp m t, on rpp-nrdlpqR of plpanino- t.hp old mat. and. 


applied to .Hirurturrn n| un\ mat* iml. riilin upon im-u mo-imd or 
external Mirfanv*. i* very and will rank ?»u »u .ir^jininr 

qualities t«i llit* detergent f*oap and >« ruhhmg l*in- h ln*>»d«* painting 
lunger tlmu outride. |*1 in*ipulh U « .ue*» i« s ■» is v r \ |i {,« 
tilt' Ill'll* 111 of Water. Ihteel exju iusi* Ula ' L« <w that «u n-»l Isir.rr.i 
and other jdrrative oils u illmnl pigment. an- m-t n a,«ant i>> 

walfj IfjH’llflll. \\ hfll t Ilf Oil Iff U I'll tilled, I lie „!f *| 4i< . 1 * h •!« «•! %% ,«g S f 
nivvuv* ratine* the oil l*» aniline a ‘dim i lied .»|>j rat an« » • 

that it Inn* al mud an l tiinialutr ilia*I rxpaiei* -, .*n> l *ir mi* gi.if im» in- 
romUlfMfinl. If l Ilf fI*r long 1 midimni, l hr «Jp 4, t >*a!mg 
of dried ud ttlli dljfup llttitn f O *lu the MUlla* e «o er u hit h if I • 

Haiit wilier* ftuju the amount *4 amorm-ps ihat 1 ! » atj 

illl’rfllM^ thin deMUH’tlXe on llir dried oil, and the 'i|<«w Minting 

away of good paint* containing pigment* Isi«'»n !«» mint aging 
ililluenn*?*. and ttlitrii lm\ e Iwrii i«tfdri«i! U\ lime, run \n- at ttiimtrd 
to fldh net ion, 

The ordinary lIt*l 1»V Hunter painlem, *4 flu* atulif % «4 ,*n «nJ <•; 

paint to mTd in*allure e* t*« mut a »urf a*e, n-aedh *4 gta-w ami 
wlnil well dried, t«» iitsttsrmr j| in water for a few houm and o>>tr 3Sir 


change?* in eolor and iutegntv *4 tin* paint 

I lr. Ihl«llrv*M i*\}«*rinieist> f*«r tin- fYnmxU until ffuilroud s»n the 
art ion of water *ijw»u painte. are interestmg from if,*- »,st*- is » a* 
exercised in making them and recording tlir nroulm v,*,**! su-iin 

pli -« of it paint dedfctted f*»r ti»** n)*t*n mr*» and sttii«inn 

wrrt 8 uuide with raw lin»t*ei| oil an«l n %eri wiimlf amonn! <4 |,%|*asi fin- 
Winie li()ui«i Iteing tl**e*| for all the sample* Wills ,es.**nnf•- 4 .! 

pigment, all the projtorf l« iiig werghl ]»<. t oaf •> «4 flsr-nr 
pnintfi were spread upnii glsevg and «lli*«rsl lo hards-si !<-i fe. !p 
three Week?* 'lliwi* wituiplt« Wi*r»* thi ll pise «d It'. • i i«- ,uid a 

|«»rtiois of the ^itrfare of etnli rmrred w * * 1c. ,» -4 a a!*-r 





linseed-oil and the pigment has the specific gravity of ordinary oxide- 
of-iron paints. 

At the end of the period named, the behavior of the samples 
was as follows: No. 1 coating was found to have cleaved off the 
glass and had become shrivelled wherever the water had touched 
it. Apparently the dried linseed-oil had soaked up water, much as 
a sponge acts as an absorbent. On allowing the water to evaporate, 
the coating dried down again, but not uniformly, and was apparently 
weakened in texture. 

No. 2 showed the same characte istics. 

No. 3 showed the same, but in a less degree. 

No. 4 did not cleave off the glass, but showed where the water 
had stood. 

No. 5 showed a spot in the same way, but in a less degree than 
No. 4. 

Nos. 6 and 7 showed but very little action. 

It can be noted that here linseed-oil dried for some two months 
absorbed less water than freshly dried oil, while very old dried oil 
lost this absorbent quality and became almost water-repellent. 

To successfully design a paint which will resist all of the previously 
named destructive agencies, is a difficult matter. The field is an enor¬ 
mous one to cover and but little positive knowledge has yet been 
obtained, though the investigators and experiments have been legion, 
and the literature on the subject embraces volumes. Time is an essen¬ 
tial factor in the test of the qualities of a paint, and if the experimenter 
is required to wait five or ten years to determine the merits of any 
paint, or what effect a slight modification of the proportions has upon 
any one or more of the eight destructive agencies heretofore stated, 
a life could be spent and possibly no conclusion reached. 

Experiments are numerous in the field of designing a water-proof 
coating to be applied over the pigment which has been found to pos¬ 
sess the most preservative qualities, independent of the water-repellent 
features, but the goal is not yet reached. How effectually a thin 
coating of the proper material can protect the surface of a paint 
which it covers, can be seen in the lettering of old sign-boards, which 
is perhaps an example of the most durable paint of which we have any 

rppnrrl. 
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/u/.vr.s-, what m uhqi uni* 


jainpbliit'k in nun of tin* ln^t mUrr-rrjtrUfnU Uih*w n, lluil it in |*rnrti~ 
rally iialrwtrurtilih’ l>y oMtlnliuu nr t*«*i*l^ »and !*-mg /»r « **f an mlv 
<»r grt*n*y nnturr, whrn fnixt'd with a jam* nil {hnw’r*l tu Jhtw vim ?}*«, 
and bring in n inrtiMirr rluMir, it tun* rflrrSttidh j»r«^rru*4 tin- «urfnM'» 
and tint allowed tin* wntrf t«» trnrh itir tm«irrh »»**? mat* **( whit*- lvn >t 
Having wl forth tin* gnu rai rluinulrr of what a j*amt should !**• 
fur thn |*urj«»r uf |irnt*niiug ntnirtutna fmtil tjrrsn nr mm 
and having mdirjs|**d thr mt*»t rffrrinr rmim ** whi«*h j>r»*v»*k»’ »*r 
jiruumtr tin* di*»lritrtinh nf thr f»I»)rrt an«l its it msn it"l 

Ih* nuibw tn *|*t*nk iiinrr drfmitrlv ujmii tuafrmikt uha h < u(r* 

into intuit initu|Miutti|M which \»«*ld the rr«tlts m grtu*rat |»ra«*ti»*t* 
Thm* rmiltj* nrr ttjmti thr r.%j*( ririi« » ilntn far sit Inina* I m 

recorded t*r accepted data, Hint imt tl»r hyj*«thr*»tft *4 ^sit$r jwj*r««n *»r 
jwrwoiw wltnftr dnglr ur lm» ni»n in- U»> shut! s% j«rrnnl, a?* ruin* 

pnrnl with thr life nf the »lrurturr lh«w sitr aiming t* * pn»i«-et fmm 
decay, tii mitiiie thr* tiled turiuua fcttlttfw of ihnr e&jM-rmtettf 



niAlTKlt II. 


PA I NTH: STATISTICS AND (,‘KXKHAL f'UAUACTKH. 

Tm;iiK are* in (ho I'nilcd S(h( n{ tho present (lute (1003) about 
420 (in iim engages! us nmnufuetitrem and nmipniindcrx of pigments 
pastes, mid paints of all prudes, lvpresi'iita yearly output e.piiva- 
lent to ultiiut 00,000,000 gallons of mixed paints, that cost not far 
from $03,000,000. 

'Phis represents about 570,000 short tons, and would cover with 
one coat 000,000 acres or 1400 stpmre mile's of surface, retnjirinjr 
50,000 painters to spread it, 

The following details are the average amounts of the principal 
pigments used in the 1‘nited State's for the years ISOS to 1002: 


Iron oxide, 22,f>(Hi whorl Ions, V.nhn* $tn.7. r i to ftt.Od jH*r ion 
" " 7,IHHI " " IMmi fur aiorlnr color*. 


White lend ground in oil, 

Hfi.lno abort tons. 

Vflhle 

f».2A to A. An cents 

1*t jKturid, 

" " drv . .,,, 

. 2fi, t (M1 11 

u 

1.70 to l.tKl 

,, 

•< << 

" " iinjMirted , , , 

.;«MI to 7(H> tons. 





Heel lend , .. . 

. 11,11X1 <4iort tons, 

u 

fi.an n. a.ao 

i « 

ft ft 

" " imjmrted .... 

. it Ml to HIKI ton*. 





Litharge.. 

. 11 ,(MM1 short ton*. 

u 

r».ai to a.ku 

t« 

vt n 

" SmjMiirted .... 

. til to 3f*U Iona. 





t tratige mineral . ,, 

lu.Uon tons. 

u 

7.2A to 7.AU 

l« 

0 a 

" " SmjHirted AtHj to 7ixi tons, 





Zinc (*\ide . . .... , 

•in.tit k» tons. 

it 

l.tMt to -1.2.1 

It 

0 it 

" " Imported in oil Ht.fMil “ l)rv, 2fltt tarn, 




Flake gmphite, , .. 

. 1lf»o tons \ 





Amorphous graphite. ... 

. StAnn •• £ 

Value n.m to tl.'JS 

If 

M O 

Aeheunn'a “ .... 

tfu “ » 






Iaijw,rti‘«l graph! tea of all grades average from Jo to 1*2 tim«<A the amount* 
prodneed in America, 

Urhrrit of all golden wen* produred in 13 different State*, lVim»Yivnnin fur- 
nUhiug over mtedmlf of the entire initput of 11,2*10 t«» t 1/rfMl short ton*, Value 
to I7.ix» |w<r ton, 

Iiitf sorted *«'hre», 7,7(M» to Hjxxr toil'*. Value #7,?» to $7.90 per hm, 

Spanish brown, prinrtjwdly from Man land, Unu to ttfliJ ton*. Value $ 17.70 
to SIH.no jK'r ton. 



Wlmt j»n»|K*rti*»n of tln«*r nntnunb wm* rmlK itj*|*1**-^i fur tin* 

pn^f'mif i«m of niHnU&r Ntruriur*** «*n si«*rr «*i idluiis, it i-> a lilt j«-ts It to 

.It*!i*nitint*; lint uuu fourth jmrl uu»> !*«• tnkru an list- %r.uh sllunanm 
to ruvrf tlit* rlTrrtri of rurn^imt m |troj*ri~o in 4«‘gu*r in aUutt 

nvrfv inrtnllir ?4rnrlnrt* lluit smi’l* t!»* «v*■, nn*i nun \n< r«»!ni»|i-r«*4 
its l)t<< miiittitl mnlrihution t«» lh«* «’«4h-r-' <»i rnriiiiinii 

Tim gruural ti*in»r of jaunt Irani** litt'iafut*- wniil'i Irinl I In* linnniii 
tu in for that riu’h onr <4 tlsr ulUni* n<*|r4 I;?H turns « A tS*»« right 
III it I * tul y niii 1 that ruiilii or «I§«1 furnish thr sj*** sal uti»l tmj *t rhhithlr 
pnitlf flull lit* IVnn ill '♦I'lstrh of 1 hr ms! \\ h»< h in iif 

fjirtu tin wall iin (mini will Inal ?«mir «4 tin* fonurr in t 1ui|«ii*rt \ , 

xxxu, xxxiii. \\\i\. xxw timt iiiiiv It- Tiiu ns Itug 

llit* Jutt«*r, 

Thr gmiitrr jmrt of tin* mivr’l jt*•?» «iul jaunts ««f ft,** 1J,%v art* 

luhittomliuii~s iin«l iin* |»rr*?mS«'«l to th«* j*uhlir in thi-o Ixidi-i thn 
l«*t tur tu roiirrul I lit* urliiul I’mnjus'itS ion «4 t hr | ^ t.-' ?ui»i tu sinr 

oil; nho to * li^|^***.^*‘* tlm ijiiiiliti *4 tin* % rhtrlr. an in liar (<>rm «4 a 
jm^tu or jniiiit if rrijnltr-fi rhi'iniral skill ;un I timr to no ah .'** a siuhj 4«* 
uf «-itl»rr, litis, vvliilr ;i|»j*1 s.ii*j* isi grn«*t ul tu il«* tni%<r»l jaunt humt* 

rolorn, «!*«*« not r*\rliifif liirgtr tltrs a-f Sj 4 |\r»l fnijiiis -iuM r%rh|« 

stvnly «n frrrir jirottviivr r«wtingn 

TJirrt* arc ut tlio |»rrwi*iii »hn an jau-r hrntnh of lin-w-rs! oil. rti|, 
nti«i uliilr li*»4, Inill^SiSfirk, Hfi«| ottirr jitguirntn tnunufui furnl a 4 

Ilf*V rVrr linnlr. thtn un* iioiirr on fl»r awfapy tliaii 

fltoM* llHiiln itlli' Iil|fl«lrr»l vrurn flffu; hsil ! hrfr ate floif a tv a, 

grunt tiuiil |«u<«rr*r, atwl r«p|rfr*l nior*< ms |»*, ii4n|irfntsoias «4 tint 
IIHwt ImruflU’lil rlii»r»rfi»r, 'riirti* » ! > a grrat ii*l% nisfii|?r ill llsr «>f 

fimjwm! IW till* »|Slnltlv of tin* \ r!*jrlr r«|t S |fr*l !u |sSS»i| 

if to jiiiint run !«• jwt&itivrSv known. aim* f 1*# .Irii-tn usul wlusf 

Htlliilttlt of filial* h fjwu’iaii Iv |o IKirrt iim i'o83<lili<«|> |>trnriit at tint 
tifiii* iui<l of «j*jliving flir ruuifis^. 4* tail's flmf in h.ir! rsi*a4 

t'lllllinl !«* kllttWII ISI mivilliri* Ilf t*V ihr fsaint rulti|*«*osnlr|, USiIrsn, 
ll't in too ofli'H flu* nun*, }i»« isnikim last niie l*in*| a lot filn It f<*? I Is*' roio 
f« 4 iuj»Intwl iJuly t»v tin* »lifT**rr!irr in ptirr ,m4 tlw> i of tl«| 

Mtoui <r. 


i1 curur* un umui mi iitnui, i it uniiits M'uimiun, mm til hit JM'iMH W 
spread a pour paint ns a good one, Un railway braid's, viaducts, 
anil struct und ironwork painted in nil it, it cost a for the painters* 
labor about twice tlie cost of tin* paint ami in many cases four tim<*8 
as much, depending upon the character and amount of ,scaffolds 
or ladder-work, 

'Phis assumes that a reliable paint is used that costs about a dollar 
a gallon, that will cover from .MOO to d(H) stpiare foot of surface for 
the first, coat, and from f>(K) to (itH) square feet for the second or a 
repainting coat. In the lat ter east* the surface covered may be 
less, or the same as for the first coat, all depending upon the labor 
of scraping or the condition of the surface of the old coating, whether 
scraped or not. Obviously, the claim that a paint can coat If KM) 
square feel of surface or more, and prove as durable us those covering 
less surface, as hIhivc, is not sustained in practice, though it is always 
possible to get a doctored result w ith any paint, good or bad. Paint- 
films that is, the oil covering the atoms of the pigment are only 
from g,l„ to , ( , l ( ,a inch in thickness, whatever the *i/e of the pigment- 
atoms. It stands to reason that a thick coating of the vehicle will 
Itcller protect the pigment atom than n thin otic. If the pigment- 
atom is susceptible in any degree to atmospheric influences, it will 
Ik* 1(*hh affected with a heavy coating of the vehicle than with a thin 
one. A thin coating usually implies that the oil has 1 ki*u minced 
in density to render it easier to spread, and to Ik* spread over a larger 
area, l»v the use of a larger quantity of solvents, either turjieiitiiie or 
heu/.iue, than is iimwnry with any giw«l quality of either raw or 
Ik iil(*d liiiHCHsl-oil. 

Ueddead paint, from the large amount of oil in it ami its great 
specific gravity, spreads over a large area, and it is these features 
that cause it to run or crawl on vertical or slightly ineliued surfaces, 
particularly in the first coat. 

A like result follows the use of /fuh pigments. The 

atoms of this variety of graphite, on aeeouut of their smooth surface 
and low cocHiriciit of friction, ap|»eur to slide annual in the vehicle 
before it dries enough to retain them in | Mention when spread. The 
silica and 1 wiry tea frequently mixed with such pigments to give a 
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cleaning, the* plates ntill shewed (hin yedlow rust-speits, that showed 
plainly, 1ml of a darker color after coating with oil. 'The oil was 
Hcraped from seiiue* rust-spots under the oil on dry girders in the 
yard, and Iht' yellow color of rust, so often found, was developed.” 

It is to he regret led that this engineer’s views of what constitutes 
a thorough preparation of the* ferric surface for its coat of paint is 
not an exception, hut the rule in more than nine-tenths of the struc¬ 
tural manufacturing establishments. Notwithstamling their claims 
to pre-eminence in their profession, they have' yet to learn how to 
protect what they create'; and that they are either incapable of (his, 
or indifferent to it, the present condition of the' ferric structures of the 
day is an unanswerable' evidence. 

If the* supe'Hora ele> not understand the importance' eif the' proper 
pri'pnrutieui eif llu* surface* to be ceivere*<l, or the* character of the* paint 
and muuue'r eif applying it, etr give* tlu*m the* same' e»r more con- 
sielerutiem than they attach lei other matte'rs eif construction, it will 
la* uc'Xt to inijKiKsible' for the* inspector or muster painter tei enfeirce 
geieiel work. It mjuireH a more determined stuml on the part of those* 
in charge* eif this branch to ensure' goetd work, than in any oilier part 
of the' eoustrue'tiou de'lidls. 1'ntil (he he'ad otlieeix are* seealems e'uottgh 
to care something alsmt the* comlitiem of the work after it has h*ft 
tile* shop, and the* mem netunlly in charge* eif the* painting are givem tei 
understand that they will have* the* muptextionalde Ime’king and sup- 
|H>rt of their superiors in any stand they take against the present so- 
cnllesl prue'tieal mt'theHis of structural painting by unserupulous 
ceiutrae’teirs, just set long will tln*ir work show lhe*ir neglect in the 
rapid progrtw of eormsion, that will m»t iuhsI serapiug the* surface of 
the coating to find. 

The lmv grade eif lnlair available for the* painters’ gang has much 
to dti wit!i the generally nitwitisfnctorv results ublniueeL I’uiutiug 
e*an 1 m* slighted and still present a creditable surface that will pass 
inspect am more easily than any either brunch of luuul labor coimecteel 
with bridge or structural iremwork. 1’aiming is as hard in muscular 
requirements us light blncksmithiug or the vise-work of n machinist. 



ill UMimiiy H nrn n mi qustiin mi- joint , im Htratiirj, amt 

uthtH' euiulil}«*lt h nir l«iiV*ir»!4r I** M-rntr n In-.? * 1 smuh 

Thr*e frniutr* nit* iiriilrtsh uppiitm! if i. 4 h ,*4 is tin* {Miiltt 
IIimhI fur tlii’ f*hu|» will, w* nn> unut *4 «.m n» L«-i it «mutmMlIy 
Wi'll ntirml u|t in llir pnml jh*I In the p(«44i» mu k m«*i l»i tin liritali) 
tu prevent it** " netting “ v* ulumnl inl'h nn>i tin- %% ant «4 rale 

hurt* govern* the »4 II *4 I In- osj s ~,» > p»«-nl s »oiinf':> T»„, 

iif kitiiplihteh nilh t»*4 Ii*i%*I in si pusnt * • wInn- i! »4«-1 n% *» 

the quirk "j^elling" *4 l hr inciting. «iur« l»»4 I'lruni llir 3 <i| <a* 4 nr if ling 
«f tin* pigment. 

Prolmhlv ill** l»n>! rr^nil-9 rntiM t*r lobminct if ill** snsiu *»r f»tm 
who pays fur ihr rnmpirtr*! -sUnrinrisl tmth sspj«»iist* 4 i»r* »»* lln*w m«si 

imtfieetor tu iitteml In tin^ lunui-ii <4 flu- «»nk «i?li sin- uuusnrl nu<U't 

wtllllliillg ihtti hh nltSi'f' rnrtr |s. !«• MU* mt*»l r#*4» Jllui lliiil hits 
M|t(um*>»Hll (lit lilt* lull S'r«4»-r*-4 »»*•"> li»-« < -rail i lirf»*|r pniint isl *4 

the •Milne» Thin \uml\ eunure ill*’ ju»i|** t pt« pai a?n»n »4 tin- mnt.m-, 
ttlltl rtmitt* rurrftll ult**sUi»«fl 1«« llir sui-n? s-«n«-4 uiui-.j , and 

hr Ilium* tnrtlM Itr field r«*-q»utuitl*li* hu th* hn.d ?» -.ul",In i-i-sir j ,i|„ 
rililttiiy htidjfr#* that have ll»r -r %rl nl r»»;slimns <4 pa.nt .q«jh« 4 hji> j«-r 
the ditci’l MIJh«t vid» *st <4 sum* of tin- rstshi-.ti *tnn «4 

tilfdurrr.'S IlHVr Jiruvrli !»» Ik- lu lter pl««f« i t« >1 again->1 * >«ii <«?»»■*?» than 
tile 'Urui'turt' i painted either in mutrnrt ist l>% tU» net** pum.irnni <4 

lilt' lift lull lillM’n ttSlu. II=S a full-, iitr lin.fi- aiiUnin ?«« t ihr llulk 

mil uf flu* sJlMjt, itliMS fur ifil fsstilir fiitr. 

Tin* I tickling «»f »ltsiiii|SJil If i . 1 ® -hlulr a, rl.-: S.. r*-nnnr llir 

mill w'lilr, ii« (Imiii* in rSii.5t>4"-i i4 nlnp amt h.n m«-t 

with tunny Thr-sc *4(jirrinsni at*- psnnatjH tin «-<»-:! <4 

tilt* prnrriw rniisjwfnl ttilh « ni-.4i niat «»f .Irinumualr4 

puinl. 

When pick 1***1 111**1 hrilalu .| rlr»!s ,,f !,. !h,. W,r*%l In mvi* 

ms4v wjinlu**! ill watrr iiiitl ihm sin*-! if In ffa* v-in ..r mnh~ 

t’inllv in 14 'niriii s’i«*su t»r nn.l uli»-flirf ui<i< linm-il «.? tu , 

l«* run tin l with the f»r«t mat *,f paint ff a f s .«* h«*n? R *-S{»| w I *rf. sr*i 

nppiyiiig the mutiny, the fitiffnrrr« nil! t« ar*|ni«r tin* thin 

bhwh mat inn red ru*»t. jw *i*«wn il»r*l in tlmptr? Iff, 

Idlt* Um. uf the iitiinM»liw| nt f!i»* fisml t*f f ti** fnurliinisii® 


and grim. determination to apply, hut the result in having a properly 
cleaned surface for the 1 fouiulntitm of the protective coalings has 
boon proven in hum 1 nn 1 h of eases uh the only Kurt' method to reduce 
the maintenance ex|>euse of the structure. (See Chapter XXVIIl, 
Maud-blast and Pickling.) 

Many engineers arc advocating the plan of having a coating of 
either boiled oil or paint applied to the iron or Mteel at the mill as 
soon an possible aftei* it law left the rolls or hammer, and while the 
metal in hot. The hot part in the only part to commend. All metal an 
it leaven tlit' rolls or hammer law a tough, thick or thin (an the cane 
may be) coat of loose or partly loose scale that adheres for 11 it' time 
being, but on a short exposure to the air with a few changes in tem¬ 
perature, due to mill or storehouse conditions, releases its tension 
and is ready to fall off whenever handled, ns in the course of loading 
and transportation. No amount of brushing that any mill employe* 
would or eottlil give to the metal in its hot or half-cold condition would 
remove this scale, and if the painter was present with his pot of oil or 
paint, it would get mi over seales and all, and no ordinary inspector 
could prevent it, or be in any way sure that the eontraet requirements 
had been complied with in regard to the removal of the scab* or tlit* 
composition of the coating. 

'rise mill coating i» exposed during ha application and drying 
to all the dirt, cinders, and sulphurous gases of the mill, which are a 
fruitful cause of decay in a dried coating of paint, and tint I an easier 
field tu the green one. The mill-runted work is not allowed time to 
dry before 1 icing loaded for truusjKirtation, which at it Is its quota of 
dirt and cinders to the sticky paint. 

All the subsequent machine u|H*r»tious are nrconqmnitsl bv more 
or lens lubrication of tin* tool, and the oil tisisl for this ptirjMi.se i* the 
elieajiest to 1m* had, and in general has l**eti used over and over again; 
is dirty, sour, and more or less deeotnjMwd. and carries enough hydro¬ 
carbon to eVrtjMirate and drv clown ns a dirty surface skin, hard to 
distinguish from the routing applied at the mill. Tin* sequence Is 
that the inspector crowded to get the* work out of the shop, and if at 
all careless in the discharge of his duty, does not jiersonally m* that 
the scales, dirt, and machine-grease are prtqieriy removed. The 
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cedurc fit vitrinner witli whit! In* ihiuka b a *|tccinl function «4 l»i *4 
craft, hastens to get on the paint, mid take* moir credit i«» him»«4f 
in being able to Inal tin* in»|»ecfnr tliisu to do a meritorious piece of 

work. 

Rather let the material go from the noli or forge to the storeroom or 
const met ion shop, protected m far m from nu% i?ii»rr«*^»iiry 

exjMmure to tin* elements. When muehtttrd. dmmg %%li»rls pioce«* 
the greater part of the null wale will U* bwiml op mt m to !«• reudilv 
removeil, and wlien the NevernJ parts tire assrstib!* «i in tin ir relative 
posit initN ready to !«* riveted up for thrir }»ennfttirtit place* m the 
Structure, if it i* to lw* dour at the *hop m»tead *4 in »if«; iTsri? nnd 
Iherr is the place for the tn*|«ertor to deter mine if the *e\era) parts 
are not only prujaulv umehin* d, but also pro|<riU cleaned fn«nt the 
scale that has not lieeti removed In fin* machining and handling. 
He should s**e that grease, dirt, and iiiiv remaining *rale, tight ««r bw, 
is removed in Iis« presence. and the first rout of tie- pain! applied m 11 
(milliter to iitrrl the iifsiewpSini rundtti*«n* at the time, and u«c a 
tpmlilv of paint that will ensure more than a gues.* at the future pro 
teelive result. 

Nothing nisi then serve 11,« 11 cloak f«» Slide tli*• hofs-ctor** rc*pomd 
bility for the result, i *ue iii*§»rctor, and one in»]«re(ioti at site final 
stage, is I tetter than a umul*ei *4 iun|«‘r?ot» and m*)«<rtioii» strung 
over a chain of ojieriitioiis comprising months *4 time ami hundred* of 
miles l tel Ween the links. 

Many engineer* advocate the iw of Imdlrtf oil idone for the first or 
priming coat, applied either at the tolling mill to protect tin metal 
during tin tmswit front the mill to the construction shop, nr tit the shop 
when ready to ahip for erection, The genera! wm*m mi ignrd for the* 
pmetire W, that the 1 toiled oil " Mmk* ?«7« (far fmir am! ilrio* and prr» 
vents further tendency toward* corrmion 

Tlik theory l*» tthm^niehf %ithoiit proof, from any alattdjMunl, 
How fur any oil or liquid can w»nk into iron »>r n%m4 *<t the null 
harder tttill-setilc tint forms on theae metal*, ftn-sr St«|oss* do not 

fll4 M $£* i # 4 ^ **11 tewiliti* 1 m 4 a is t Jf#n a&a 
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the metal surface. There are hundreds of records of the painting 
of important railway structure's, where the first coat of boiled-oil 
method was used, and, in the great majority of instances, the utter 
and rapid failure of the coating, and the extra corrosion of fin* struc¬ 
ture, could be directly assigned to this so-called method of protection. 

The weather-resisting power of an oil coating is almost nil com¬ 
pared with a paint, as before referred to in Dr. Dudley’s experiments 
(Chapter l). If the advocates of oil coatings are so sure of its bene¬ 
fits as against a paint, why not make all the coatings of oil alone, no 
mutter what if covers, a wire or an anchor? It will soak us far into 
oik' as tlit* other. A paint coating can be applied as quickly and easily 
to any surface as an oil coat; will dry as quickly and as hard, and is 
in every way a better resistant to atmospheric or mechanical injuries. 

A foundation coat of oil is a direct cause of the blistering and peeling 
of the coatings spread over it. It is seldom dried enough before the 
other paints are spread over if, to ensure a close adherence to the metal 
it covers. When the subsequent coats of paint are spread, the solvents 
and oils in them stiffen to some extent the underlying coat of oil, and 
a moderate heal from the sun causes the whole coaling to blister or 
peel. Too much oil in a paint, coaling, particularly if the surplus oil 
is in or near the foundation coat, whether on a wooden or metallic 
surface, will generally cause landing regardless of the pigment used in 
the coatings. 
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Hymbnl, IK. Au*u4«’ A*s. a lit* grimly, 7 77 , 

ItttiN In WVIT foUtnl Iliirf til tiiilurr It « HI i'll! % f«*r f»%l grtt ifi *.« 
grout that it c|iti( kly form?* irrmus o mtr, I h h **r thr |tro!<«\t«|r> of 

jttiit, 'lllin titan Hl’Vrr foM*»I Ifrr, Min I in ihihruft f *» * *1 I rlsrliil* 
rally purr, si#* iillitsity for myfrti lutming thr s«"s»^no*nh* I r s t * 4 - 
rttlitil titan tin* |H*r«*\t«lr Cl 1 m- highmt form #4 o<u«Ir foi am i«rf?»l| 
In which two iifottw of iron, s*n<l tbsw *4 muiui ufr nssttni, or Til 
|H*r mil of iron uml *lfi j wr mil *4 

fit tlit* lit! iff form if is rojMMirfrtiiih kn*mn ns iron o\s4«- or it>«o 
ftrt‘» ntul W loiiinl in nil jiiitI ?* of tlir wothl in sill 'it of |tnfiH , *in»l 
iti rntnhinution wit ti the «»%s*ir 1 4 j»Sl thr oi!»*-i i»«iata m .41 j«»oj*oj • 
t|t»fit4, Tht* color of l he j»r«»to%i«lr »«■> « gtm» luu- rhangmi* to .* ml 
hrmvn t)mt *»f 11st* prtmttlr is » hl**«i t«4 

All hlfrrttmltfifr* f»\itlr fhr 14jir|» Jtilifffirf |i\ I *'i fhtrr gtloma 
of iron ntwi four of nxtgrii -■ 7* II.1* |*"t emit of ino ami 'J'i Ahiu j*-r 
r«*nt «f o\v**ru ta tin* |»tsrr%i mi4r of iron 

Tlw* ferric nuht «lrMr, | H » v i» n««t known in nature, !»nt ts, v»i|» 
to I«« forttinl by ftnunis iron or lt» miAr with nil m Its *-*«1* 
in ii crimson 

Iron Hi il trtflfirtllt Wi* of 7'Mi" t ‘ t t Ifi I I roinbmm JfrrH Math thr 
isttumfihcrir oxygen, lieeomtng lint *mrrr*i with «?» « xltem* H thin 
Him of magnetic nxhle, 11*4 v of A 1 t«II*o% *•»•}»*t \% ht« h #1 sebiallv 
into nil blur, nii«l nm% color \! n w Ian* h< s »t. itois l.misii ms 
tho nir with a |»r«!iirtto« of umimrtir o\|4r, ihr *«.iii!mslt»ss !«-iSj.y 
MWtitiutil for tlinr hi' ilirrrling a liiast «4 ,of f4 s »> hr s*« ■! 

itiHstl. At ii tmifM^raturr of ;tmr r tiwr f i, fsoo 4rrom|•»«*•”» »«§, 


than m its ireedom Ironi sulphur. K hydrate's on exposure to Iho air 
or moist me' to I‘‘c' a ( )„ I 1 I 2 (>, and can bo reduced to metallic iron the 
same as any iron ore. 

The precipitate formed from metallic iron when corroded under 
wafer is the Hesquioxido or peroxide of iron, Fe a ( ) 8> plus three purls 
or 2-1 per cent of water, and is red rust, Fe s O, p;UI a (>. h is a 
dull reddish-brown color, nearly a pirn' oxide, containing only such 
other metallic oxides as the iron contained from which it was cor¬ 
roded. It is comparatively free from sulphur, more so than the best 
hematite ore. 


Oxitlcx of Iron. 

If purity of an iron-oxide pigment is any factor to prevent corrosion, 
these jam 1 oxides ought to be better than any iron-oxide ores; hut 
they are not, and plainly show that the failure of all iron oxide- 
pigments to prevent corrosion on a ferric body, or to add any resist- 
am<' to the deeny of the* paint coating, lies in the natural inadequacy 
of a f< rric pigment to resist its own inherent weakness, namely, con¬ 
veying excessive amounts of oxygen with u tendency to excite elec¬ 
trolytic action. 

l , Apcrim» , nls determine that blight iron places! in an atmosphere 
of dry oxygtn, oi of dry ciui«»nu* acid, will not rust; whin put in a 
damp atmosphere of oxygen, it rusted slightly; in u dump atmos¬ 
phere of carbonic acid, n small quantity of white ear!«»imte of iton 
is formed on the surface of the bright metal, but no lusting takes 
place. When, however, bright iron is plans! in a tit imp mulun of 
the two gases oxygen anti earls tide acid it F rapidly oxidised 
into copious rxrrrsrc nr'i’s of rt*d rust, 

In the opposite direr lion, to pteveut rusting, a at tong solution of 
carlHiimtc of soda ptrsrrvial nrcnUr* and stt*rl instruments, bright 
and uutnrnhhrd, after thirty years of exjHmure, and would probably 
do so forever 

Jtright steel or iron objirts remain untarnished in an atm«*sphere 
of dry muriate of lime, also in the dry earl«mate of lime. Iron im • 
mrrmd in lime-water, can Mir )mtn*h. and eaustie siwla %\m * not rust; 
though the Ives nltaurh rarlnmic acid, they do not nl»*orb oxygen. 


rmwurnbly thick iut<i prevent* any further t »u iln- rm. 

tmry, iron-runt once formed «si n ferric mirfarr nrv «»r ermm it#s welkin 
m) lung ilk it in in cmitiwt with it. Hunt prtKfm'c* trM 

The hliwh t*f tixhU* that appear* Uptm the f*utt in**’ Ilf a piece of 
bright, rlcmn iron, «trli m i» Ml from the admit of tl»r mm4 |»h»>t nr 
of it grimbstnm* forming after it few hour* of litsic^phe nr rxjanmire 
it ltd nut lie* wiped tiff bv the hand; or the pM r « i rod rmt fiotn the 
imn-Mcrap heap; «r the ««»!***« fn>m the Uurom «»r frame *4 jiti Iron 
whip; one Rtnl all are the |tero\ale of imn, hV s « l t , §4w« thro*’ part* t*r 
24 f«"F relit tif tt liter, VVhrti n* Jeiiicd to drt*>r tiff the water, they 



I* HI* 4« “"•Rlist protjticrfj t*tf 9 ftillrf! 'Itvn |4atr r ijuKjatrsf I** a3 

llltttimer i» Ittf J$t» tia%#, >\fw|r« 

iMwmr fintimiy the mnw ferric oxide n»ntnM in mw i ftm tm , t WII J 
will reduce t« metallic iron or grind t« « pigment the mm*v «# my 
imn ore, however they ttmy Iw designated «r higgled «itli itmlv* 

mmm. 

In the eumwiiiti of Iron from any cits*#, for everv x uniitm 

Ifi weight gullied by the irnft, 411 tiihir Iftrltfw of hvdrogcn weighing 
I grain w© m4 free. With each ounce «f gain in the weight «»f the 
iron, 25l5„ft2fl cubic inchm h%>»!«%**»*«« /t jm,u ..__ 


tittiuiferoiiH mind, Found on this neaeouHt in many par la of the world, 
ox pound to Hoa-wator and other Boureea of oxidation and friction, has 
remained unchanged for thmiHanda of yearn. Ita use for a pigment 
in not Hatisfuctory, on account of itn black color and the difficulty 
of grinding it. 

Specular iron ore in alno but little affected by oxidation, and in a 
nearer approach to a definite compound of iron and carbon than any 
other known ferric Hiibstaiice: iron, fM.Nf) per cent; carbon, combined 



Fla. 5. —Hunting of n clean rolled-iron plate from a single application of water 
and left to drv. (Andes. I 

ttml graphitic, 3.50 per cent: idllra, nmngancw\ milphur, anti phna- 
phnruit, 1,(15 jK»r rent. It in tin nnhydrmw ferric oxide, found in 
Nova Scotia, in the laic of Sicily, and other part* of Kurope, 
whore mitu« of it have l«fn worked for 3000 yearn. It# black color 
and hnrtlm*HH prevent It#* w aa a pigment, though it^ rreUtiinc© to 
oorroninn ia almost etjunl to that of the Hower»l tariff surface. 

The clay-iron cm* from the coal mromm*, the vpathfo, bog, ami 
many other iron ores, contain a very umitll amount of Iron, and » 
]»nm it« ntnnt nt Milica and other mineral aubatanee* that they are 


lit tIUi # 4 #<r I if s ! 


Tltt* mi liiid brums Imuaiitr m*n «<r» ■< ««>nq ,4 th«- 

of iron 70 f*rf rrlif inrtullir »o>n :n?.| .III |?i i «s-ni |»|||ft 

piux V»»ri»i»|i’ |« N't 3 «4 3 tslJir? ; i| i-nK-f ,*?.!«"»•'?, ! » 1 1 r s ..J rj»rJ«.| S |p 

Ktiiplmrtt'. iiiiii j*!»•««ji!»«u«' a« j«ln «'•*«•»* J*4Imt to^ .»ss.*b * an* 11»«* 

principal mriiillnrijirji! u*<u *}■■<» ih*ni f»»t thr jao.lni hntt 

111 pl^tllt'lll* Ultill’t tie*' U.USil- < 4 } »-.« *, llii'i rl >t-l tttt’ill 

««V f til M *!. liiiilir, ttlt<l j«t»w|sn'| I'! Mlibjrs ! Jt, lU'.jr clOill 

to inert ltus*!r mptitrmrnt,-- than «m other pii'iu* $si m %y, H * 

tiuulr t<» ruMf ill! Mtrl.-t <4 ••••sobijsaitnirs <in n^r m * .»jj,j wti , ti 
rlwractor, aiipplriwntnl ?*IiJS ftulbrr h% »jsi«ssf *4 „ 11,-4 mtrr i 

iHMlitt*, IIU»rr Utnlitbir lluver jn the «»r*’ Wills wLssli 1 1 a«-% | mV *i 

liii'H brought inl«* forml frlitis^u 

Thcw litilratnl «•}»•?« ttlirii vah siirij fhi- --nil' 

plume, phosphoric. rurUiistr, an* I nthrt mm*****wih rjt ij» j««, ,,«,j v 

oviijHiriitnl 11 #’ 1 *I#* l»rrs»iiir lh«- nislo • !»*•'»« <*f snjpj»^r*| sir-.ii?.j,| J , ,t» 

pitta h1m»u1 2 j««r rrmf of «,«!<-$ m a n»mhm< 4 P-?m, 1? * s 4 

t'lrtHI'lll* that ir*ijS!rl»th ntnotilil |<< ’*! j-r! « » ut !»»„]. I4i ?„» ‘41 |s,,|- 

rrlit of I lit* aulphtlttc jiiinl plawiphot ir ai-j-h 1,4 fr 4 ! ■•I'lriin! is, «» , 
purntivelv low Unit of tin* pr* »*•«•’»/», tm i .0* i,*-« _■% J. 11 , >»»» 

WtttMfl in the Itrfll of tin- 1 ejjt'it fsiifisiii t\ n-i 83 »a?,uj ,41 t'.sia r;s of 

Utrtiilltr irnit fill*t t*» Ijitmm aiiw 

Tli»- liiur, inii|?i»r? 4 ii, nimnuui, tiln-a, nitm^imr^r r -,41*1.! «>tU*-y 

wltrllsrr ill II r»»ti»l»ilsr*l »lsitr Ms tin* «*r*\ of in lr» » -sI"-11,«t 

llir ttttlt* of n»Sl«t»ll|? to rilirsiiiif juif-i, lir-ri4is< I'an-h, ,%iy \ I, i j.*ri-n ..jnr, 

niul wiirn gmmnl t«» n |»i|istii* 5 i« !»>rij», n»..r i*st» h-> >«» iL«* 

plifr* 4 . -rtlnrk, rliiifigifti tlirir s-luirmirf n^nn nw.»r »>t h t«* a 
(rut or it jM«wiirml »lnlr llsin «!*• in»l i«su,| os tlsr 
to tl»i» nxiitr of iron or 1 *;»»*•, nr»- sr» wiih n nr rarli 

ntiirr rxr**|»t in n lui|»!iiM , i»r»l nntuiyrmnst «4 i!^ h- i\%».rn\4v*\, 
rntf nntttrw fliall llir miisir »*s |%%’.>nhl 1 « si n4!<-« u^i (v^m a 
wml bank 

No inrrllftfiit'fli jiri*rr»s,fi ruflllrrlrtl will* ihrjs m* ><t isiS*» 

*'a a .4 t-*4 a j »s i etlt 8 .u IftJ *« «rd i,* « «fi w®* 


catalytic power of nearly all finely powdered Hub.stanc.oH to eondiaiHC 
moisture and gusc'H from tilt 1 atmosphere, which the porous nature of 
the paint coating readily absorbs. If sulphur is present in either 
the pigment or vehicle in any recognizable quantity (as it nearly 
always is), it furnishes an additional excitant for the electrolytic 
action. This electrolytic, action is further intensified by the unequal 
composition of all iron ores, whether roasted or not. The process of 
roasting always an uncertain one™docs not affect the ore equally. 
Lumps improperly roasted, or from their composition affected dif¬ 
ferently by the process, are diflicult to detect in the hasty and gener¬ 
ally poor assorting or picking over the ore receives before' pulveriz¬ 
ing. The same uncertainty itt the composition and assorting attends 
the uttroasled ores. 

In the pulverizing process there are many larger and harder 
particles of the ore that would not pass a No. 50 mesh sieve, if 
the pigment were bolted (ns it seldom is), and would much less puss 
a KH) mesh, to which size all pigments should be reduced. 

The finer the pigment the more thoroughly will it incorporate 
with the vehicle and protect itself and the surface covered. The 
destruction of any particle of the pigment will not render the coating 
ho porous as when a larger atom is removed to |ie*rnnt access for the 
nt ntewpherln moisture ami gases. These lumps net as centres to 
determine the corrosive action, and in a measure explain the erratic 
action of ail iron -oxide coatings. In nearly all rust*s|«»ls, one or more' 
of these hard particles will lie found, and particularly so wherever 
pitting has commenced. 

'Phc brown hematite ores arc claimed to Is* practically frt*e from 
sulphur, therefore the lw*st for a pigment; hut the leest brands of 
this variety of ore prepared In any one of the many manufacturers of 
unroasted iron oxide pigments have not proved to lie hi the slightest 
degree any mure reliable' in eomjHisition, or any 1 letter protection 
against corrosion —whether used tin a straight paint or mixed with 
adulterants than those* prepared from thrs red hematites, (See 
following analyses of Imth pigments ns used in commercial paints.) 

The dirty purplishduenvu or lifeless color of the brown hematite*, 
even when freshly applied and aided by the gloss of oil, Is not agree*™ 






protrctivi* mill ih*» low coal <4 tit*’ %%lw4*" inw i4 iroum&uUj 

nrt* 11 ii* groat iiitliiri'iiu'Ulii fur lIn it jamlm ti**si mitt iuh! 
for fiariu routing* 

A,\AI,\>1‘> or ultt.s, 

lit V \utm h mi *«»■!* 


(Sjws'tlir itfSMfi <»»*«»» 4 44 !*• I S'» 




I lit. 

m%<i ii«£3 

^ 1 IS 


% 

lit 

I tu 


# 1 

It «S* #|4| 



i $ 1 I 

8. J| t 

»lt ai*>t. 



j 

Jl 




|VS<i«BSs3 3njj¥i» 

1 


jf®'» 


’ % 




I'trrir »m*1« 


ll|i 

UA 

|i* 


f« , 

Mi 

:»i 

us 

i 1 


■;V,. 9 

sa 

14 

Frrrtm* 


If As r-3 


in 

yi i 

1 

2:3 


„ 1 

U 

Wl 

SU 


at 

: 4 

111 

*« 

o 

0,1 ) 

II 

H't 

1 

l.s 

»* 11 

to 

11 

.11 

Atmmim 

t» 

j ’ll 

UA 

• t 

« 

ha | 

1 

|*» 

'3 


" 0 


11 

rj 

1.1UH* ’* 

M . 

I «» 

«Ht 


71 

7'4 J 

4 

;%» 

it 

Ui 

„ t . 

4,' 

I 

vj 

** 

** 

* tt 

1, 


Hi 

'41 ' 

1 

;to 

I 

,w 

» SJ 

ns 

11 

13 

Hilnn 

*» 

1 ra 

M 

M 

o 

?»* ■: 

14 

1*1 

*1 

tii 

" 1 

on 

» 

-s 11 

9 * 

(“«rlH»tiir m ill 

«« 

] tl 

In 


lh 

i 

3 

Vi 

4 

: a 

" 0 

, H 

1 

14 


tt 

1 « 

tm 

S* 

A 

i? 

« 

«a , 

1 



# . > 

1 1 tr-r-Jt 


it? 


t* 

l» 

4H 

II 

O.i i 

1 

it 

» 

’ 


? 

Iron }»vriir« 

«s»l Ih 


9 

II 

:m 

II 

04 I 

If ■»*<*-a 




* 

VVnt*-r 

! 






i 









in 

Ml 

ftt 

fl 

im 

III 


3 

rj 

# * 


I 


|*i‘lnitltigr# hC n»» IjiIIh ifnii Ml t»l t« « 

1 tvj 

1. 

14 



l« 17 

r; 

ii." 

.1? 


SI FtMttinU'S Hlrlilgl'tl. , . MJ 04 |*’C r <‘*»l »*l , 

13 »• ** », , , ttJ H| *' '* " " I »I;,M *»!>,<■ e,S|ll|sli’ 5»«,» 

] 1 * CMi I# r *v**l mI 


Him* Ik ft ivjifi* ittooojg ttfr-sr rosuf «af fm tin*! 

lx*tti*r quality nrrs, nrlrrtisl fr*»ui many ImtulrrT* *4 i*tr U 4 ->, «*s» 
nmuifit of ttirir purity atnl illicit jwurrtita$o <4 mri allic umi, 

Mntiy oftirr tnitirM ttfr.fi that ntr t >-r tlir otWr 

Siirtallir nii4 rltrittlcitl wti»tiiftrr« tlu-y «*ot*tjim, »,•» iir,ifli all tl»o ollwr 
tiirtiiU tin* fmiml will* iron, All ir*<n mtur** *o«* miir4 

fur tilt* vitriiilili* qiiiility «*f tin* «»tr from ili«- w»m»' nr from tl«* 

IhhI, or front tltffrfrtif j»Mt« *4 tin* nator %rtu ttt rarlt is 4i»r, 
Tilt* llollllititfK lirt’ twit from l lit* fratwr, whrfhrf iim-4 inrl.il* 




against corrosion than flume containing 80 to 05 per coni of the acs- 
quiuxido. I Iuh will bo apparent by roforuncc to tlu* coni position of 
the iron-oxide pigment* given in the teals of commercial paints, 

llU t l f'C l i^le. 

Iron-oxide Pigment*. 

1 he led hemutitoH funtinh a brighter-colored oxide tlum tlie brown 
hematites, whelhet iousted or not. 1 ho small amount of sulphur 
in the red ore develops in the process of roasting the dull-red color 
into a brighter red, simulating the Venetian and Indian reds ho desira¬ 
ble to produce, but not always possible to get without doctoring the 
furnace product subsequently with substances more complex and un¬ 
stable than the iron oxide itself. (See inert pigments. Chapter XVIII.) 

1 he roasting process is a sensitive one. A few degrees of higher 
or lower temperature, or a little diifereiiee in the period of exposing 
the ore to it, or in the manner of cooling down the furnace, cause a 
great range in the color. The more sulphur in the ore the brighter 
the color. 

There arc from 1(1 to *20 jht cent of moisture and carl>unie acid 
in all iron ores as they ensue from the mines. If these are tmt driven 
off by roasting, they will not he di tpuled in the pulverizing, and 
will he earned by the pigment into the mixed paint to its detriment. 
The use of an unealeined immure pigment is a long step toward tin 
early corrosion of the ferrir IkhIv over whirls it is spread. 

The following aualvsis of tin iron oxide pigment made from a 
Hjserial reel hematite roasted ore, one of the oldest and lamt known of 
thin class of pigments, and the use of which as a sjscriii! brand is 
probably greater than alt of the other Islands of imn-i»xide pigments 
in the world, is of interest for comparison with an unmasted ere pig¬ 
ment: 

m \vn>\\rTrui;nC \\ m.yhih. 

Peroxide of iron. , , . , . . . . , fi'2.11 fH*r cent, 

(Kquivnlrut in metallic iron, rill, ITT 
j**r cent.) 

Silica combined. ..... , -10 03 ** ” 

Lime_... ... 0 23 " " 

Moisture. ........ ..... . , ..... ... I. f»|l 11 « 


liithrr WlHul 111 ' Hull SUtfjM'rn, li 1 ll»"l< I■ Mi\ }<1 <»l« rUv« % aim 111 Hull 

Oxitl»\ HnwrVt-r, iiulttilli 4iUi*!in|.' ii.** almi»->t h?»« »»t*lr>sir»i u>u- |*»r 

over thirty vt'iu#, uh iiemuni t*J sa* l«*« r»r4, e«*j»«r, ami 

itittrh limited prnU'cttvr \ i* itiri, it * 4 uti immti' 4 su‘f«u % }»*$ |«»iii 
WimmI null imu etmllugs that i at t ,ui« t%\ rumjnmirii tlu- hugi-ni 

(•(lUrtUIIUTN (if jmillM tlilVr I*-»luri 4 t||i’ |m I »in! >4 till's |B-|^%|;|r 

of iron inhui:«il*!i* in thru* jsysd-i f»» »."» j« i *«•»*<, llyi 

this change hits* nut rmiilir.l m un> >tiatl»«-4 m th«< 

jimtirtive ijunliiirs *»f tip* jmmt when jij*j4«4 f«i !rwi b*«h* * 4 sn»r 
lire better results sj|w*n rt*«*i|rii ?m?s 

Tilt* full*swing iHinlvy** pi nf a hum it IritsiUfi uw*inU*t tr*s*tr. 
With II tUimlter nf ill Iter lit;m«ls s*f -iliasliU i"s»jiijitsetiiIpifi, it lisiss Itrt-fi 
largely u**4 by tt»ttj*triir!i*ui a si 4 raihviiv rii£inr«*r» yjnm 
uf tilt* Ititmt iuifMirtnfit fi’trii* ulnti'iurea in (!»»- r<innis %, - a h««r x-s mna 
pornwion, after hul 11 4e«i |nni,».| «»< r%|*»»nntr, l»-4 % n 3 <»-i s : *l *•%:*!«» 

imiiitui Ami report nit tlp-ir smj»4iIi>*h 'n» iIn* mg Iwun ir^pMiot* 

bin fur their ereelioii an* l ruinllti»e» 

I’eroNtile *«f itiin. 'll ul mi i*-n» 


( IvpStVjSlIriil in Ji 3 »‘l .sill* j. m, 
tif», 12M per ri'iif i 
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Thi* is i» high grsele mrtallt* it..n <,u- • .mm y «} *■>., -n!» 

jilutl, metit as ass untj nniiRnc pige.* 5,1 » ;! y> g<? ,y 3 < ,.tn. 

tiietttletl (In till’ liiiiliiihtetnref *1 ’ f>st a n<if algid •jeiiid ft«-« I he 

uminl rlii.» «»f ifi< (I ii.luh.-rauu Uni ih 3 ,n.frr>!-w- a;-, 4 . taih-.l 

in till’ Sfihl rejMMl Here m.f U*ttrt itum «!»• ..Oirt aJiihrfa«# .1 .at-lr 
piisiients, nr the «*U** r „? ,„U r .| , lf t-m 

I In in mi ntffih oin iif an it,«u 1 - 4 3 ,I*- 3 (igtm-ri! fliii? is 

t**4« I ,1_ - *. 
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Carbonate oflime. «'i() . It) “ “ 

Sulphate of lime. U.U5 “ “ 

(liny ami silica. 11).IK) “ “ 

Alumina. N.1S “ “ 

Magnesia .. 0.52 " “ 

Wafer ami organic matter 0.-11 " “ 

100.00 “ “ 

Additional examples of iron-oxide paints and their erratic action 
—both mixed and straight pigments will be found in the article on 
paint tea la, Chapter XXX. 

If in claimed that iron-oxide pigments, being the peroxide* of 
iron, arc incapable of further oxidation, and when ground with the 
vehicle are indestructible, and their capacity to condense atmos- 
ph eric moisture and gases ceases. This is true as It mg as the thin 
film of thi* dried vehicle only 5 Ib to inch in thickness-— 
remains in place on the external surface of the pigment atom, and 
no longer. The same causes that remove this him will affect the 
other part of the vehicle, in \vliicli the pigment atoms are im¬ 
bedded. The vehicle, passive of itself to condense atmospheric 
moisture or gases, is porous and absorlicnt; ami passes them on to 
the point where their decomposing action can take effect, if not on 
the iron oxide atom, then upon the less resisting mineral sulwtuneea 
associated with it as a pigment. 

With the possible exception of silica and barytes, all of the 
so-called inert substances, usually mixed with iron -oxide pigments, 
are porous and nlnsorls-nt of the vehicle and gases that reach 
them. The protection that these inert substances receive from 
the oil is no greater than the oil affords the iron oxide atom, if not 
less, owing to the unreliable ebararter of their composition naturally. 
If they have liens mixed with the iron ore during the process of 
roasting, they are rendered more unstable, and readily puna to a 
lower plane of resist mire, as mentioned Indore. 

It tstnv be questioned whether iron oxide is iueupnble of con¬ 
densing moisture or gases. It induces and promotes oxidation In 
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Hflil Otlirr nib b to ill ruts I* lilt- |,»hrrf8<l«' rlriurli! lliaf, tltutlrmr f h*<I 
01* UlH’luiUgril, in ill! t;l!H *#S1 "* i|rhi\ * ihr • Ittni}.' j*li«ri**us, r»«ii< 
ilit* nlmM«|»iirrir ismbfm«* ami gnm*--* fluif »*i !*»•!«.« thr rvletiwU 
film of I lit* titling nil. thm hiong tin* finimhit hut f» *r n !4t-'.trr with 
htibwHjfcunit rut ru*i»*i» uf 11*** r**«tnt Mtirfnrr . 

llll* jniWrt uf it i <11 u\|«ir tu it I «n til 1 1 I lit- f} i, i t-t |< Ss* }■! iilnstjl Iuih 
thinh thus uf ml irml 1C tin- mm u\i*lr ntuu- j-* urx-miiti*' tu I hr 
|<lr'triirr uf Milj*luu lisa! nun 1« sil»*4 f #* n ns am f >«i m t (hr 

ulhr! jm e *urintr*l nom-t a! •mb-itnori •? nml *« ha» !*• nu- m»j _ ami a 
Vrrv Httmll j»rj rrtttngr *4 i»m m s4 ntil *h-i hi o.utiun thr r|* cfru)\ lie* 
ttrthui m» fatal t»* Intir *istliitH'n 

,Vh ll rhrm, tin* mi 1i jngu <i is! ■* aft- rlrrf i*» |nr Is* th«- jimj. 
u\|t|r atom, amt ?ir«* iIn* fif - il !«« l»r nffn U->\ In am rl* rlfi*b tir nr!t>>il 
timuicmafril In fhtir |‘tr»« nn* m liir j»nmt 

Thr It • <J* MM«i. ill*’ r 1 st! !«• Itn-jim! i’. r l«* llir f* t t ji* **Ulf;ir|* 

uvrl* tthirh linn nti ?>j*ii «4 

III it mi MM‘lt* fill*! )' nfnru-, t!i«* If * •}1 nfwr: S’ 

iSt’KEl ivr to t lir isnr ii!i*ui*i, v, lm la a?« >jm« I*. 1 \ ■inlt-’U >1 } i .»m ri»j»j«**r 

or rM|«J«*l' t*\»4r Pi Jilrm ll! ill (UJ imii *‘l«3»ir | lml, th> mm u\|«ir 

h fliTlm itr iii tin* iijis! js 4» t«* =■.«>i 

Millin'* r\j*rtisni-iit'i «i»*Is-iimjtnt that ♦**]-|**■ ? an4 .?in< m n u% 
fut In, lui'lni l««, «»l in ruiitwt n si Is inns in an*, f«»ru , )r.» u ;»*m 4 flj^ 
rut i * mu >it i«f it r**\i'H**l iinii R>ufa* «* till jwi r »*nt «i a #%% #*i» itm , t«*|*| 

withuuf tin* /im* rlfm*-»sl, III |®ri rrtil, 

I hr tl rr||ulill it \ *4 ttir 1 4 %\%r fttsiii n Hi n r*-m;|**ntlu| 

trim n\iilr runliltg sllril lisffrtrsiri III «j :ir as.4 rlirttiislsi 

milir thr JmiIUIm uf rutrimimt, whi* h uin'** rslsihlinti* 4 * »a<I i<nli »illj 
Mu* t*iiltt|»ir!r fnilurr uf thr r**n!ilijf 

rolli ftVr tu Ini fti’t rrfit «*< tisr *>si ! f 4 4ill«" <4 Isii-r (t 4jS *'4l I t la 
grnrriilH huitnl in iimt «*\i4r |mmtn at jugint ssia If i-i n^mdh, ?,|| 
fit**! I tv thr ruitsnimrr ihstl it r4*nll 1 *•* fnlh tit .|?«tr4. ><t it 
rniilltilt tint liiurt* tliitli nil** Jiftit uf %% sitff "ilu r!lf i-\ ;4 ihi- m, 

h tu niii lit*V «tlSj»!ttir rh*mt Sit Jsrruriit t«» i J( i 3 «nu,.,|a!-, jn 

Wtilh of iiiniutt*Krillil«li tllr rs»nll|si 4 I* fi.in sin .*», -.if , « m,,- 
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r.urfiU’t'H. Tlu* brown oxides stand the best upon ferric hodus. The, 
Venetian roil oxide, from the old iron-oxide mines, hud a peculiar 
preservative action on the surface of wood. Two or three coats 
h’om the pure materials have outlasted the record of their appli¬ 
cation and the lives of the painters that spread them. These oxides 
,md white lend form a hard mastic covering, and unless spread over 
unseasoned or wet wooden surfaces, are not liable to blister or peel. 

Many of the irreconcilable discrepancies in the use of iron-oxide 
paints can be attributed to the careless method of prepatiiig them. 
Its general practice, it is never ground with the oil, and but seldom 
machine-mixed. The dry pigment in the rat in of six to seven pounds 
and about the same weight of oil (or three fourths of a gallon) tire 
placed together in a tub, and after a few hours of soaking are simply 
stirred up and spread. If any large cputnliiy of paint is so pre- 
pared, it is almost impossible to secure thorough incorporation of 
t he pigment and the oil, owing to the different specific gru\ it it s oi 
the several substances composing the pigment, which vary ftotu 
'J.'J to It). Thh manner ol mixing is strongly recniutucmh d hy 
the irmeoxide trade to secure its ust>, at the expense of the life and 
effect is em •ss of their product, which many times might be more 
creditable were liel ter rale taken to lender it desel \ ilig. 

d he longer that iron-oxide paints are ground in the lull quantity 
of oil they recpiire to form a piaif, the more lasting they will be, and 
this effect is equally apparent in all pigments. 

The unsatisfactory results due h> careless mixing are aggravated 
by the use of large flat brushes that act an mops to earn or slap 
on a large quantity of paint, inadequately, in thin was. In tidied out. 
Such hrunhen carry air into the coaling, tendering it more jhu'ouh 
in dr> iug than it otherwise would !«• wrte heas s, long bristle, round 
hi ll-dies eiuplos ed ’file same objections e\i*t SS line tile coating 
is applied bv tic* ait brimh or spray apparatus, only in a more marked 
degree. S*e ( hapler \ \ \ I. 

There are many tent* for the adulteration in iron-oxide pigmetitH 
or paints of too extended detail to 1 h* entered 1 into here. A ready 



itig the* u?*i’ III ifaji »»3U«Ir I•!{<»«* US'-, 4 l.HJ.Hj n.« Uj..n 

Mil huUMtN in >ttnlrti, §«„ijfstr'l ttltls iims *<\hlr iLsu laa«<bt j \rata 

Hgn, tlu* rujUmp ttiip* ?4sil in fait «, in,*lm<*is, ,m.| tl *• «,*«.,i Hr || 

pftwfVr«l, Hi*" WinCim h**im '* Wi4 ft»*lK->h<-j,-i in iiiaiu jMit.-s ,,f 
till* 1 iillul Ih’jsI trn!iin»*iu in |.u«*r nj fLji, t -J UVl 

III ilsr itrnrfal i »*iMhli**Si »4 tlsr j^onl ais»l uli Ini* after 

tu\j*t*rttrra, v\itluml r«*|»mt»l* hk, *4 lit!) f*» ri^M % )«- s »ni, iu s | u t rVl „ r y 
riUH* tilt* nmnr *»| llitw v\* « ilt ni tm4 n-n.u Is -r.illa linn ifi lisp 

UW lif U’lli r lunli’IUi In Jiini l«’tlrr Itirlhuth i4 jij*j4h ,Ui>'U Ilian Us Ii,|i 
prowi l a in)' j »ra» in e, 

I’nillt initir Illrfiiliirr fr«'j|UrlilS% rilrfi that llir lift tns.f .,f lubrju-juJ. 

etuw tliill in riiilinirl|*Iiii» iiaa 1 «tii |»t»sii'rir'»! o«- wj4r luunlrtxl 
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M ii«r f«»* l« #1 Uilfs f a 1 

ttfi4 tliirtv Vfjir** ttith »» 5r«>n n\l*!r jifiln! gk ini* ifssb in an Mnntiawmi* 

fifjp'ijtfiftfii for flu* jifiii rrt fvia rlsarin-f t*r * <f 1 I xr-^ 
ti» fftntlll SttffliW*, Tilt* fiirf.-* in tlsb mss** *>h*«w fhn! f!-,r 14aIf'ft «}tl\ 

whlrli flii« |»rtIniInr f*«*f wm l?»!4, n*f wrf! sm liinnv ttlhvr* at 
tiwlfwi, wtw ilmthli* wstnl with pmr M-irli ihi, ft,.** fmm h*«4 ,i ts< - 


aim no umoum. or Mini ni pumi npmwi upon an interior quamy or 
liu-rooling liielul can prevent. this internal corrosion, though it may 
conceal its presence and pnigrt'SH, and possibly (ill up hoiuo small holes 
ill the early stages of the decay. 

There are scores of tin roofs covering important buildings in tho 
Canadian Provinces that have been laid for nearly a century, as bright 
and uneorroded now as when fust, laid, never having had a coat of 
paint to protect them. 

Pure block tin is unaffected by atmospheric conditions, almost 
as much ho a« copper. It was only when poorly cleaned plates, 
poor tin for the coaling, acid Mux instead of resin for soldering, and 
cureless methods of laying 11 it* roof generally, came into vogue, that 
we began to hear of tbe virtues and need of an iron-oxide paint to 
prevent tlu' corrosion of a tin roof. (Imuted that a good quality 
of tin rooting is none the worse for a coaling of paint applied a 
year or two after the roofing is laid, yet it is quite as (wcutinl 
for the future* life of the roof that the paint should bo also of 
good quality. 

Tho original mini** from which the iron-oxide pigments known m 
Indian and Venetian reds were taken im\e long been exhausted. 
These old mine pigments required no roasting or doctoring to develop 
their color, or to correct any acid elements in them. 'Die reputa¬ 
tion of these pioneer oxide pigments, like that of the “Old 1 htteh 
Proeess" white lead, lias been assumed to rearh and cover the advent 
of scores of subdaneew bearing little resemblance to their progenitors, 
except in name, and even this i-< not exempt from the greed of some 
modern paint compounders, as the many prefixes and trade-marks 
Iwur u it ness. 

Mg. 7 shows the pmtrrf ive elmfaeter **f an iron-oxide paint 
applied to a ruiUvav \ induct not properly denned from mill scale 
Iw-forr painting, aid when painted was rxjtoeid to combustion gases, 
cinders, dust, and moptun*. 

Prepared inm-oxide paints an* often brightened by the use of 
aniline eolors, but an* not durable. limiting a sample of such paints 
over an aleohol lamp will d«**trov the aniline, ami leave the Iron 
oxide Its natural eolor, e\j***sjug the client. llie tendency of all Iron 



Hit* rhwfilnl <1 r«.|i|ii«r»# I» |'V M i # 7f I ,f I — tmn jmrt 

of iron pin* out* purt Htilplmrtr :m'M p|m mn‘rtt pmfl') «-f « 

t’ltftfirfjiji, tin* wm«ir |«r»«liss'l <1 n, a }»v mntvt'u tnni.p pt» «**■*.»*■*, 
h Ifit'grlv t|s*#**| It! |»r»is!n«*»« ?if» »#f lr»»fi J»$^sin«-I9l to, ?•.ii!t' flaw 

rr\ *»f ii Im. Sl\ jiiirf *t »<f t!ar « sitrr «r«- <ifhrfi »>ff ti*> *» Ismt . 4 111" I' , 

lull Milt* ntiutt U III rrlisijirl al ;»Mr i I M « rr-1 !**■,»! s? .5r«-otn- 

jtmtfi, giving tslf Hint |*nrt »«f *»ulphw , *u»*t Jr-*-?, mg a frtriu 

*u!plmt«*, Kr* a C I,; mi**!, ttiurr* ^tronglv if lr»%c*s »» pn?r Intrl • 

oxiilt* known m ("olrniliar vitiM 

A« tHunliy mjtwltil fur mi imn plgmunf, ft<»m !#< fiv*« 

I m turn In of trrnt nit in, lhw% or rtmlk, to ofi** t*f tlw >-tr, ,%&• pvA in flir 


process is u sensitive one, tliu culm' of the product being the bright- 
red eulnr pigments, \ euetian and Indian reds. Both colors arc 
due tu the degree uf heat employed, the length uf exposure to this 
heat, the inampulatiun, manner and time taken tu cool the muss, 
etc. 

All of the sulphur is not dissipated by the heat uur absorbed by 
the lime in its change from v carbonate tu a sulphate. Thu lime 
changed to g\ psuni or left free, being in great excess uf the amount 
that is uliuttuble in un\ pigment, is removed to some extent, hy sift¬ 
ing, or other means, before grinding the furnace product. 

Copperas oxide ret pi ires great care in its use, either by itself or 
mixed with the dead color iron ox ales or other pigments to bring up 
their color, as the sulphur goes into the paint with the usual results. 
No amount of lice adulterants or inert sulistanees have any material 
effect in neutralizing it. 

( opperas feme salt (a |ii’olusulphate of iron), Cotpiimbite, is 
fountl imti\ e as a hydrate, containing nine atoms of water, Kc./ > t dSt > a 
• Ul l >, It occurs in layers sew ml feet thick in fine gradual six- 
sided pyramid crystals. Its preparation for a pigment is similar to 
that detseribnl fdmve, and the resulting disintegmtitig effect in thn 
paint is not measurably different. 

Yrllnw Ochre. 

Orlire in n hvtlnited oxide «*f iron of it at rung yellower brown- 
yellow rt»lor, generally rtrniainiug less than Id |«*r rent of iron oxide. 
The ochres are aumtur the nldeM of pigments. Sampler have lw*en 
obtained from 1’oiujM-ii in all stages of preparation from the ore to 
the mixed paint. TheV Were Used in (Ireerr ill tla* time of riinv, 
nud in (lb 1 Iv r '\ pf TheV nre the most stable of the yellow colors, 
and are the ptinripal pigment in the present freight ear colors. 

Ochres are elnva tinted with the oxide of iron and manganese, 
and hygroscopic in character, rnrrvim* from five to nfti*eit ja r ceil* 
of water, 1 tried artificially to expel the water, they rhrnnre rnhu 
to pink of red the same as .ill other iron oxide sulednnivs. 

Tin •jr yellow color is chiefb dm- to thr ir«>n oxide, and the inure 
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Thu jMiwi-r »4 t hr ««Is?4r|*rini-i <uj**»a lh«* annnmi *»f 
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bo ground tit mw lm«rr4 nil, u?#»i tf a tUmm-i %-■> tn^nttnl, ra» <«ti 
iltmild Ik* U lulr *«r!srr Iks-* ilir j♦#**|^*t i% »4 i4*44»u? »rll tn 

Woodrll Mltbirrn from tit** amount *4 i»il talo-si u}» l*i it, hut 

Hot )miU<1 IVrli ti* MSIV ovrlH lug mat *4 wl lit* tm-l, and triads 1*1 

«Wl it nil i»v |srrllJS|{, Tills sis'! I.iu r;ja» \u- n s > »t>Ir-ti In Oftttig .s mwtll 

|M*m*Ut»gr **f Wtitle* !*•»»« 1 til till* J turning »*rliir rml 

Tin’ KngSbh t Kford ami tlmsr o<4u<** atr among ttir Iw*-** bi an4« 

Thu ibuunis orlsivu gfadr with tin* l*nt Havir, t&htir tli*- l«mrt 

ttf Frrsirll »»rllt'ra j«rr fw«»r a»i4 in I'J»trtiisj* Jw«»tri tlnttl 

thr I»*«i Ilrrmn4si fVtfuiiua 1 ' ♦»* **1 ls*-r \tursir an b? 

Tilt* ttlllJlr **f all tirlifr *it|?lisStr~j, llkr nil *»sh<-r I’^sal naan*--*, Si s .t|i% 
Ht»lr-4?4 flit» iiialrriiil i« fiifssi*»lir4 it>mt a t* *»s«tl•3*- Iisstn 

isv»*ii thr^M* rhuilfi u'ltilis twir t*» Sh-ar ss «Ikss'«- in ih<- u*' 21 * sa! t»'s*<h-ti 

tif snlullrriitidn (hilt b th<* »*s«1rf *4 till* ||)U , !**. an 1 1 sjanMill! V 

«if I'hiv, rhlllk* !IS»»I Isarvtm nils* irhs 1, but 111 1 siifUfr 

(hi* u*t\'rrifig |*mv»*r **f fltr «»rhr«- Tin M j-s ujujmIIi 4»-?n*!ii <,1 

in* til** ilirrutianl rtllHHIUt «»f I‘il injuir* 4 Id lisUit* tin- 4 ti to ft 

piinti*. 

I4t*«ru ftfl* llllin» tnixtur** 8 * of orlsrt* as fhr tm-nr yigUiriil (ai a 
r .. • t . ..I i t 


weather requires tlit* least oil. 

The better brands of oehre as the basic pigment for freight-car 
colors iorm very durable paint coatings, whoso lib' is generally equal 
to that of the ear. The cheaper grades were formerly used to a great 
extent as cheap paints lor tin roots, but the large amount of fret' sand, 
lime, ami other uncondoned mineral substances, acids, and moisture 
that they contained, with the coarse way they wore calcined and 
ground, rendered the coatings short-lived and unsatisfactory. They 
required a large amount of oil to spread them, even with a white¬ 
wash brush. They dried or hardened rigidly, did not bond to the 
tin, and the rate of expansion and contraction from the action of 
the sun was mo materially different from the tin they covered that 
they soon cracked, blistered, and (hiked o(T. 

I ■mhtr, 

l ’miter is an urgillamms brown hematite are, essentially 
21‘Vjt hSiU.,11.,0, with alumina and manganic arid. Specific gravity 
2.2. Originally obtained from l mbrin, Italy, now chiefly from 
Cyprus. 

As a pigment it is used in Ik it h its raw or natural state, anil when 

calcined in known as burnt nmliet. When calcined at a low heat it 
turns u dark brown; n stlonger heat dehydrates it, turning it to ft 
red blown and softening it, Ah a fenie paint it has no ajs-einl quality 
othei than the nrhtr*. The cheapness of the pigment is more than 
n(Wl 1 1 v the amount of oil it tequiie * for a good spreading paint. 

t mlier is used as a drtei in finding linseed oil. and furnishe# tin 
oil of good color; but unless used in large quant hies, does not IlUlko 
no rapid a drying oil ns the lend, due, or manganese driers. 

Sjnitimh Jtrowu, 

Spanish brown, an iron oxide or oehre, containing thirty to fifty 
jkm n ut .f chiv, i« inferior Hi color and covering f*mvor to timber, 
but is of lasting value for n roofing fmint, as the rlsiy, which hn« at 
all timiei a strong nfliidtv for moisture, will, when pmfierly calcimnl, 
take up seven!v to eightv j*er cent of oil, and this oil, protectral from 
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im$X4h\nm mum ks / a , at\iM>a mam \ 


Wril prutfftrtl m HU thf li«*?i,in|s|ji| stidurr, will inuMtirr, 

mum irurnKhug (lit* U*m< ?*Ut Su« <\ II t»«* »’» l>i**sr **riifr 
iirt' fiprrjul oU-r uiitr aiiuthrt, flu- ht»! routing u Jo jwrl, hvut'i\ 

j„ r iiii ui twin! cmrtvti ««i»r linn) u U-u< i fluim lw*» t»r 

murr lliiuurt, I4l$i*n«-I I hr hillrl i«** i*j»j4tr4 tdirt :»} ii)U-t\nl %4 a 
or lliufr. Tltr tliufr ill* lltU i suits rj,? «4 thm |ilKU:,iisl, 

lilt* tltulr liurnlilt' ; intt lljr »jil i*» l hr U Sr ) Us ‘WlM *s|| 

uf i:i»rJk Uh* i*rctJint «*i i 



CHAITKR IV. 


HKli t.KAH. 


Metallic Symbol, 1*1». \mmic Weight, 200.9. 

S|H‘i'iltr gm\ itv, pun* 11.11.1; rnmmcrrinl 11 .It.'tfi to 11.3HH, 

Lt; \t» occupies an important part in the arts ami manufactures 
of (lit' iluy. and requires a greater range of chemical and mechanical 
processes fur it* production u* u pigment and mure ran* in preparing 
and applying il for a paint than any other pigment. 

In its mineral form it b associated with all of the noble* metals, 
also with eupjH*r, tin. zinc, bismuth, antimony, arsenic, etc. Some of 
the baser metal** are nlwav> present in enminereial pig lend, and affect 
tlte character of the pigments prepared fr«»m it by the processes of 
ealeinatioti. oxidation, sublimation, corrosion. and preeipitalioji. 

There are I went > ores of the metal known to the mineralogist, 
lint metallic lend h* produced from the five following minerals, the 
analyse'* of which indicate not oulv the character of the ore but also 
of the metallic lead and pigments made from them; 

Hi i.eitmt or t,». \o Ill's * (5 ut s \, Ht.ee-l.t \i» t >ioA, 


(ol 1> <%>\ 
t Kill*' »»! il* « r 

tHi.l v *•! ,'Uir 

Sul|*J»u»i« '«* »«l 


Hi Mi m H,'* t.’t j* r n-ut. 

n oh " n n’.' *• 

.1 .Ml ” 2 Is " 

in ji» " i;i w* ’• •• 


X'lJimt oi 

( t%w|» «*l lr.ul 
I I\(<ir ««f tr*•<* 

>iil|*la»lUe ssis s 4 
\\ 


w». HiM », i \ mu »**! a» * 

71 lit to 72 U. j*«-l rrtit. 

I no •• n mi ” 

•jii mi *• 2-1 hh *• 

»» At " 2 imi ” ** 
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uiu-u: i it turns i \ i* (*\n*i < 


t i. *.» 

I-s-mt ifUeiitHit > 

* I Mt|r i«< ]• i»4 , , , 

J‘li**■»!tin*n* its ill 

Altai % % 11 , t»r 

C Kill*' **( tm«t, , . 
m id 

flilnmt. . , 


I .t to i l*i ss»»%t« iiirtil 11 
,* w i.» ; ,r» |* i 

i.! jj ' »i :«* * 

l A ;*« " l •« "M •- 

,? u; " „• .»§ 

I .* MI \| 1MS S * »l I * 

* I f *ti j»t ii Jsl 
■».i Wi " 

J ii " *' 


Metftllir !rml fut him fivr ilia! tfi *»i$r «*r tn*»r»- fnrm* arr I In* 

rmtlt t if 11 ii* Unit nr rlirimrul rhattgr* j«f iwhtnn) m Slir mrla! ii» mu. 
verting it iiit*» n jitguient. ISiry mr, 


I •# fifieti 


Hit , 

11 

*' ftnl «*%•«!** oittnnsitj) 

*' ifsmioi*’ **r 


|1* s t » —• M*» Si i gfrf rrtsl. 
II.«» “«'4 Hts ’’ 

|*l. # i » 4 -m» «kji '* 

II.^ I *„ - VI I* Ml ” 

J'i.n, - iu m% •* »• 


J 'is.\ j» * nis 
* liH ' ’ " 

*j j.'ii ” 

t«< e*i " ” 

i,» us: *■ •• 


font I«rfi«t, «»r Mmsum, l hr |srissnj*4il |*i^i»srsil fmm 

the »M«le», Itn sjirtiltr itv itrtisj? S f» la* S til, *i*-j«* n4in^ nf w*u 

the jmritv «<f til*" leml ” Vtsnt'tmA " m lifinifftr. <r..m »tm h it n stut.lr 
The rnlnr nlr«» ilpjtrinH I hi*. , I mi m « |/i mt*-? 

the ti‘Ili|*rri»tlirr rtft§4«»i,r*i in llir t«\i*iaii*iti >4 tin- tsuilsrt sal llu* 

iii»ift»rm>H *»f tin* linn*, tie- inanijnilsiHnn »4 lltr jnair-ii»| m tin Hit- 
imn\ tin* Irjjfffh «»f time r\|* »»**«! i«. s!»«■ «snS it*#- fair au'l nusiijrr 
uf muting is lllr ftSItiarr nsi»l rinjiirisio 

Sj**ri«I met a?*- r*-»jmfrsl sn i?*s |ns |.-.n.4’a**n 

that tlilTnr lunlnriallv in ihr % utp*n^ rsiiminr-i %\ Sts-sr r.-»l L ; »4 i jii<« 

«htrinj, Ill»l ill sllffl’rrlll SSlillJlifsirlssf Ji'-i, ii|i4 llirfr It >i iltllrfr Ss* a in llsi« 

tfilllrthils rmj»lnV«-»l 

Hr tell v «lrwriU*»l, ! !»«*»*• I»r« «*«*•■» -.ri arr I $?»f In tHr rnj» 1’ 

fiiruiiw* whirh rntiVrffA Itirlullir h a-4 nil*. SlflviHifr lit s !».'* S 

Hivmitf, n rc*vrrU*r«tnrv ftsmurt* in whsi*!* hitnt?f.*.- s-, * >*i*4*-t«*• I »n*n 

i*i«iI lliii 1. Tliiril. a ri“V**rSn*fal»»f% tunntr<< <>r .*\hi lii.si in. 
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thin mass when broken up is in llte form of thin yellow or brown 
scales, ami in this state is known as Hake or glass-makers’ litharge. 
1'his, when ground in water ami dried, changes its color to a huff, and 
is the ordinary commercial litharge. 

When the crude litharge powder is again moderately heated in a 
reverlwratory furnace or oven ami e\posed to a current of air with 
continuous stirring for from ;!(> to IS hours, or until a sample drawn 
at a low red heat Hpj*ear» of a dark-red color turning to a bright red 
on cooling, the furnace b> closed and allowed to cool slowly; a con¬ 
dition most essential to success in the color, that if not satisfactory, 
requires a reheating and cooling of the product now known as red lead. 

Red lead made fmm litharge (from the iuqierfert oxidation of 
the litharge) contain** a larger amount of the protoxide of lead than 
that made from the carlmwitr or while lead, where, on account of 
the finer condition of the material, the oxidation is more complete, 
more quickly effected, and general!) of a Iwtter color and quality. 

With this complex chain of operations there are many trade 
secrete to secure not unh a uniform quality of the pigment, but its 
color. The latter math always remains an uncertain element even 
with the l«*?st of attention guru during the whole process. 

Hint lead i»> found native iii nrnin localities mixed with the other 
ores of lead, }«iohabh imwlf mg bom their ovillation bv natural chuhc*. 
Chromate of lead tl*b Ctt i, .-q*erihe gr»\ii> , l tl to the neutral, 
or mein chromate. Known a* eioeo»«-»teor lehtuuuitc, i» » native r«sl lead 
ore found in e» itamereiul quantities in many parts of the work!. U is 
in tile form of itaiedneetii cr\ slid* of u \ellow color with various 
slmdc'* of other rolom. a!id h* <*.*?»»trmted with deeoinj*o?ted guclss and 
granite The metltod of com, rHing ihese fed lead ofe* into pigments 
itred not l#r de»ef»l*rd here All of the \ ellow and fed chromates of 
h‘n»I are obtained foan rroroeute The\ am strong colors, and do 
lit,I ijeroitqio*-,- <*n exp*i^ntr l«* the air of light. 

Hrd lead V, ora- *4 the hem }e«t and imml eXJteltdvc pigfucllls, 

lil*iO tlir O,o-:t .lllfirolt to |lSr|»5lfr f«*t IS piilJli of fo spread tl I* lUOtV 

susceptible to adulterati«»n and r<* more adulterated hx inter* at* ttiiu.k 


A'f,/# / h 1 it Mil utn\u*>\s 


4 H 

llblr In ill* »tif»rn}«rf |*t’t*|»uf litl* **s sum I ajtJilirjitj.Mi. mid %%tirrr tlu» 
filitu! •* HiliitlU iunc I«"*'H In thr rlt fc *3lnrl <»r UuViU't j<JI»i!rf, 

jlll,| wlirli* nirrit^Mkr*’’. UidlSh r« »i« . , <«l igu<*f uiii'r *4 tin* n.?i.|»{jn?»H 
tu winrik dir wn.;» t«< U- *nhj« rU-% i, wctr fin j«i nnr hitinis ut 

iln nun 

Whi.jj niiduitnl Iimhi a |r|»til id *l«* imimtf arinirr «ii4 §»rst|*rtly 

J»rr|«ir«**l \\ till h niulal*!* \riurlr ;uh! if «■ Hi 1 uud* r n n<udt' 

nf it's illtillf »rt \ It «\ St Inr* j>t*n < d 1*« In- <«is« >4 tlsr fthahlr 

It* ri*l**t t hm**- if »>■ s.r-1 i.i\ ..tai.l*- {•« 1 !»#• 

;| M . u ( Jldlllll't'lltlt s thsi'h *|t»M, 51 M|J i.M.ir .4ii-l hits \ l« 'i t * "!»«• d*»V\ U 

il*t high ruictr, Iml an- *l»-is imnst;il in all *>ih« j i«-->j<rri Ihath. 

gV|i*U*»», iilpl tiilif't S 11 » 1»f r«4*a and 1»«» ?4|w-» ihi rJ.ritU stilol t«n«v.*t 
lir*- nflrlt atS4»*4 f»* mu it l flu* fr-lrlrln \ *4 Sr'4 Lss*l t>* >.*■! 

jit till- |«iillil |M*t I34|» s I? ’*t ti. \>t< U-3i? n-» ' iu > v" «ljr« 

^|*r**I4* I U|t*i!i f »*} lit’all t)| UM lllsr'l ‘ml fjirrs \n - »n* h ii’inJls-S !«'if •; ?lfi’ 

dHrciril, flirt d»* n> >! flw- >■ 5 a>.*,I *4 ih* f *.nnt, 

llful HU* thr Jif r ill f:t • nf lllr dtthllr > ! t Ur * *>.t1 »!,*.- I ■ *1 dt« 

Inti m»t U|*»*JI ir‘2S|r Ismlir-f, }! \t ill « < n « ? .4-. li.nrlt 

Mill f.'MV Jl.» IIIH ;»|*|4lr»l Mild* J *hr t #*Ss 4 if I* *i s -s 

Midi 11 h* liii I itr | s il I f < 4 1 hr |*:U«t** » f * * 4s’jrsli ?f ’»n? I hr 

llllfl’l' I'rtrl**! ftr* Jtls’lt! It !*es» ^'isnll 1 <* r§l«nsr -rsrs *•-,-! %% ? *, h r%t \i it 

wliltmi il.iJl 

\n ft lirnt t'liil! *»l» (rllir «1 ®| 1 at liar v, >-t > Sfr. « 

ftllliWlS «l lllirr nut m«U<ri:*l f»* d*r Sjj fin- n-aiill 

llMt)(llt!t|| lllill trilll!*jM»lt!«tlHlt, «|ss» frildllt sf I hr •!« >15**1 

dirt dur t« I lit' ji|»»nr!«i-'? in fhr - -t J« «!'sf Jtjjf 

|riiir*jM»t'tsit t« >li him I rfri’lusu lnif>r f n i j > U 4 !*■> •«! n<*t 

it I s * ii Jirhltf Mlllrll »i*»g Hi thl-a fr;a|*«rl 

tin trtidi’firy t*» wttlr m tin- |«4 air,* ” \n -«•! " ais-l thr 

fl*n*r*»itv h»r r«»u.»it?tsUi!> aitiiriis^ if UI# \*% llsr |» s tiit!rf |«f!*leal,h i<-.v>**5r* 

In II ftinilll llllimiut till* |»linl*.| *4 frr| >4 .;r,flinr hr rati 

ill II liny. Tilt* t» |i|«*i<llt«h lilt nlsjfrr! |t«tt l<> i!*i i|r,r 3*ni |ra •4fr«-! hi 
tile tunny j min !,?'•> in ii>» dit»ir Tin* iaj»s»l -.*•* >4 r*-4 lrs»<! h!hi> iitiii-d 
II j««rtllinrily *»f litis J*l|fSttrf4l IS I »,1 *4»|rr!?«4«shl* .m 4 Ikfnfr 
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ami will not again bond the Hand or to the masonry. The rod load 
will not recover its combining power that ensures the mutual bond 
between the atoms of the pigment and to the surface covered, be it. 
wood or metal. When in this condition, if it is applied to a metallic 
surface, it "crawls,” as it is called, and presents an appearance more 
liUt' that of curdled milk than a paint, and the actual protection of 
the hotly covered is due tn the vehicle only. 11 will add hut little 
to the covering power other than what any adulterating substance 
would do. 

The setting of re>l lend is due to two chemical reactions, namely, 
n combination lielweeu the litharge of the red lead and the glycerine 
element in the od; a ho a combination between the fatty aeids of the 
till and the lithatge. forming a lead soap, ijuile a firm substance, hut 

tine mu favorable {■» the dundulit \ of the paint. 

Muuv of the bn hues of red lead coatings, if rigidly tract'll to their 
source, would no doubt tie found to have Ihvii caused by the cart'" 
lewtuw of the painter m not keeping the paint well stirred during 
it* appitcftt am. or in preparing too huge a ijuanttH for immediate use, 
or by using the paml left n\ei from day to day, or from another job. 

lit ♦/ ifiiti ami k \tixhtriH (a 1 hUty 

Iron o\idt\ zinc o\idr. ban te*>, etc., in Mis! to ri*d lend to 

prevent "set tmg, ” an- object louuhle and uiefTertive, as liefurc tinted. 
Lampblack from \ to 1 ounrr pet |*»tmd of red lead delays the .set¬ 
ting net loll and risiiblr- the red lead to l*e prejMired as a paste to 1 m* 
Ua-d III till' immediate Lit Wr. Wblit if thinned hv additional oil ill 
the time and |»ho r *4 icnng The bright fed of the UUUmiU ri modi- 
lied h\ flir huiipbliti'k to a ehoeohite cok«r that Jiiav 1 m* light or dark 
according to the tplant it v of the buiiphhirk Used, t.uuiphluck of 
itself is all r\rrtlelil pigment . V- elii't Heilllv passive iif lirlltnd to all 
pigment-i. and 1»% leitof<d formation is m> filietv divided that it mixes 
ermh and tlioionphh with the oil and red lend without deteriorating 
the !|UidiS \ of either 
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m 

lmr*l«'iuug ttv nstiif4v «*r tb«* IwtoT* 4ail> tu otu* 

tin* §»«mt Iwrfrl** Hrrr Ml m*<li iiutU-4 i«»t h>nt ait*! 

tltuti^U tis * 4 r*-4 Irsui iui'i "dUr'i m >1 *-k***\ ■ub< , n n ua niirrml 

ugaiti tIn* |m»til *»j*r«’w»i u„"> n« II a»4 «iu«- l inmh .in ftr;4sly 

iJU\f»l. 

IfiiiiijibliM'K ri*nliUHUi|? nl|«fiin in :.m s»j»]*i<‘* j.»i.Sr .ui«'unt ihuuM 
Jirvrf Ih 1 With ri'4 Ir.-t*! 1**S -» r>*. ifsiiy < »*‘- "inA «*«*! ft**ni rluJsi 

M*\ h ur fumiM'*' &r*'Hi»<l * * '-si >•* * * *W»- sit tin- ■:*».i trmn 

UJtmt (if 11 If Mill »<r !»«*!'$! I 3is!iir?;l! ><4 • s*»S*!,«|tt ’sulf <1? Si ) 

|4» wturtc line |*r»»tisf*t bulon* ■■4 a t»'*l IraA * iKkUi% si * *-* cn 4 %l»«*s* unrsi f*» 

tlir guilt amt nf | s 4 an > mi jirr |«rr |«?nis.| »4 n't I irrt-i 

Mr. I inSl » nuiMrr |*iisrt|i-f iVtum h iiiiisi 1MI7, rr>]*«(tnl 

tilt* Imsill i*I’ soltir *4 liil-J r%|«rf i8Sp*l||« illlli " |ilb 4r=r ftVr* fsif 

tttl’tiillir | ml t*» <4 nir*» uliA tr'irlo." %|« 

I ir^t. Hu**! Irani sSit’i fsSII lmn*T»l «*ll, ill* lill'n.if Jfr .1-5 f» ilflrf. 
,Nr*'*l||»l. |{**| 1**481 i ,M8«f fxt>A Illsnri'*| nil. IS'* 4?lrl 
Tliir>i, 11.« I 1**11* I iill'l l4US]*bi;»» Is **5|U.I i | f I ** 

1’Miirtli. Itr-sS Inn I »*n<* fuitl 1 j%s * a j »1«! ;%«■!% I hr**r jutTf/s 
I’ if tli. Mtimral 1 ifmt S« if ***»I »4 Jf* J 8i, s, 

Si\tli \lr\trutt |*fa|*i < 3!r 

All |»i»iftt/'i Wvtv ! 111 %«^* iti *sn ills* ijssaht \ »»f fa%% 

ttmu* but tin* fir^t I»u4 »%«$% >\tu-t 

At tli** rfiti ♦ 4 fiflsi-ti iiiMfjtliTs »4 atm* ur*' at f 1 j«* eft? 

nhojfcp tllfir r«ii.litii»ii %%m m f*41mt •> 

Nllttllw t H\v tiuil fintU'M ill >*t ttsr*-*’ 

11 Two Wft* illtus’t illlli fj'. 1«* m s*> i|j-. is! S» *1$ |»» fl'-ruat 

ii numU-r *4 wnM »«ur 

11 n,m* ttnttni *»ff i?i (i sminltrf *4 |-lss« i r , n_ fir»t. 

" Tulir WIIS lit IS ■’♦illl llsufn*' r< «Jl‘4sf J» *U 
** I’lVt* W?l» rn»fSS|*Sr , lrlk f#»*nir 

** Sl\ II* |*rrft'*rt rut»iist»'ill. llir 'ni«i«r an \ !sr nlfaiglil fr*i» 
It'll*I «l»ll|4* 4 


ration leaves tin* eoat mg more porous than it would be if the paint 
dried naturally; and it deadens the gloss, Japan driers for red-haul 
paints are less ohjeetioualile than the turpentine. They are heavier 
and add resinous mat ter to the paint in drying that is of the same, 
ehurueter as I he vehirlr with which the red lead is ground. The 
drying of japan is pi tueipally by lesiniliratiou and not wholly by 
evaporation, as is the ease with turpentine; with the added japan 
the period of dr \ ing rim 1 m< governed as required by using a small 
proportion of raw linseed oil, 

Kxeerpls from a trade rniulogue * relative to the use of turpen- 



l* in % |lri«4 film t»{ rr«l ri«rrs!t s t*s| with ru»t • Inti {'»kr!i front n pniutetl 
I or* ulnsii .'!»*•« i *i Jim lit si **f» ntirfmJ \| ] m*!i i 

line and li d 1* ml ».jn " \V» are n««t prepared to advise the use of 
f tirjirtniiiir in ■.•hip* ard*», w h»-?r. n« ing to time roiilrarfs, it is often 
luTewnis! v to paint in damp »*r fri-r/iug Wen flier, though the prartlee 
in the Matin* l»« parltn« sit of the M.u\ laud Htisrl CV frotn many 

U-!irn’ r%pt-3 irUi’r in ill*' ll>«* nf red lend i*, vise : |%4e three parts of 
link ed »*il < t a w , presun wd*lv> find one j«s»i »»f liirjtrlif lilt* fi»r tile first 
and with sufl'ietml drier (pretmumblv japan) to net 
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''TttMirriiriilSv, Hint i"t 1*? 11 * lit «< , tr4 !*■1 - 4 ||« »ssi*| 

\h* ii** 4 ttilli tinv lisi!«"rt| »»U :Us4 n<» 4nra, *« 4 i* -,i.i li |« .i jiaSitsaf 
Ul irf, B\ JH* 4*48111,, tin- )l »S« ill SSSiJoSS tip | *}»•' f 

till j.;* liS|s| I iir tisnllanl »i.»! tu ila*»- 

r\rr, (or iitiimutt **-t *Uv n44 a stnall *jn.<u.m \ *4 ;.*j<an .» us* i»,.}lr4 

UflM*t'4 Oil . iU f**» 4**»U^ i% 1 i'»4 **1|3 %S.ljl» 45 - l~ li.*4, M tjJ< h i«4 Sl’f 

Stitts thr lar;iv \ i« « *4 tin- t« 4 !«•;»< I, llarjuSn j «i ri it,#§ 

nnmtug (it) VrtUcjtl mil fiir*'-**, t m4 j •• *3 i * *»*«-! in&.'* 

/frif fr«?«f 1/ %iltitra, 

Malty railway rfinissr* r-» faw*r tbr f*41**» in# tui*f nr?* i*f rr44i , u4 

paint for tlirir »trtirim» « »!srtr tlir inn*- >4 4s *, i- : <»f huh’ 

F*»r tlir «ir |»timpi|.t /3t |««8iin|r» s,| *v4 >m<t } billon «»f raw 

iilliwu-il ** 41 , Nil *lt irrri 1*4 ill* n« * .'siis 4 lhis 4 r<>»h ,1 

limilr fra»**» till j*»»aisi»lb «»f !i% *1 3ii!|4$ii!«- «4 1 ih«-, ,Ui |«*n«4-s «4 

hlsirk, *» jtutsiisl '4 **f r*'i| Ira* I, making Ifil |*Mtn 1*5(4 |»jj*sn*-n*n. lo «3n* h ;*{} 

glltllllH l«f lils-s#‘**4 «»ll at I’ iS’ I* l«"> I, .»» ■£ ;41* >13's of j.-llnl, 

Thh ittulu* 9 * n fair *lr%paint *4 *,i shirk «<t ■lift''-. Frown *..}«»?, 

Wrifftthtff s»ln*ist S| |»*mu<h fw-r gallon \11 *4 ih«- j*.*^*-? m 4n s j.sunl 

t«» jtrrvi'iti f*«rr»*n»im Iir** in t!*«* r*-4 an-4 h*nspl4-** h, ihr 

Jihssfr «tf Itinr n»l>h tlir RtnltsMi* f<*r ijsianlt 1 !». «tl < *^s?s sl»'s«ni|| 

Itintlttsiif «*f a jiruU’rliv** rlt«irar!*-r t*» llw tsiivltm-, asi4 ?!ir «•»»*«-rins| 

jKittrt is Jwn» i , 

If nuv of lj»» *!*$!«• e» »rir f»»r 

tilt* Pllljlltsitr «»f Sttsir in list-*! fiSt'll'illl'il, |l|r «,.*}|| lw l*-f!rr in 

ftil fr*-s|»rrt» f*«r r<‘nltt«g fmii- S««br;i 

MuUtrr*# Etfwrmurni® snlli ('h<mp U*«i $**ui |^t?«la 

MttMt r, in his r%|»*-tiiursil”s f«» A r!s« 33 . pAin?,, n-u-.f |w»il«| 

t’«*t»5i»inin|? '*\ |«-t rn-iii of fr-> 1 IF ur-, 4 Irtt imn» 

Ilf tfiis nil willi nrH «‘isi *4 »hr folltittint* n.j i*m. •• ‘J } 5( . iiojs nnitli 

tltM'*) Will* t *rtf llf'l *» 0U-}itiWu <, lisa! ftfsiil*. #*•■! «’! f-.SJ.-w-- 



of Home merit. 

Red lead 25 per rent, iron oxide 10 per rent, gave a very good 
mating. 

20, It), 00, part?* of red lead to 1(H) parts of iron oxide gave excellent 
Jesuits. 20 to 00 parts of red lead to 50 parts of pulverized red 
moling tiles gave a thick heavy coating. 

10 parts of red lend and lIM) parts of pulverized red roofing tiles 
gave an excellent coatiitg. 

20 to 00 parts of red lead and Hit) parts of pulverized iumstonu 
gave a paint id distinguished excellence. 



TPltl. Plem.juii f*«rrnph ton <4 * !>lm .•< t«4 ?. .»<>! dinging grains «f 

% If li«||f> *>>1 all XlJft'tr *lr ?vt t*!lt % vU i| n ill* aif *1*'*. IlunllJ 

Oilier mixtures of red lead favorable jejwuted ttjj«»u hy t*xj»eri- 
lUrUter* life to l lead. Zinc n\|ilr, and J fhlhc • l IXe, J lie lilt t*'t ^llh* 
shiner *s,-fv.’s to hold Up the red lend it! the mixture during the first 
stage of drying and pi«• vents 'Vm-p ” Amorphous graphite 

h nls«» tmd instead of the Rhine 1 l\r for tile same purptwr, None 

of these substances of’ »»nv Olliers rinplovnl hu this puri*n*e nitt lm 


The bright lustre of red load is often toned down bv VioHmu 
red. This pigment, if it could l>o obtained from a nafmal nu-. t« n 
very desirable one, but the mhioH that funiidmd it m b*nn«r dnv« 
have long been exhausted as a eommerriui mnnw of , mid 

the copperas reds have taken its place. Him* rontnus a huge amount 
of sulphuric acid loosely held in combination [m-r Aimlwn .. Clmj«t* r 
III), and their use with red lead is u« dUirntruus to tin- \mmi an the 
direct effect of hydrie. sulphide. 

The effect of (be Hiilphur element In both riwri* In grrnih iiiflisrisrisl 
by heat, a few weeks’ exposure to hot summer tompirat w«* to-mg 
all that is necessary to destroy the routing by ir-ndrtmg it lun sir 
and easily removed by the hand, or else noising it t»« jhi ! in 11 >j*-- 3 , 
This action of the Hiilphur is unmet hues said imt to !«< du«- t*« a Huitmr 
for the worse in the red-lead atoms, but In tin Humjp- m ihi 
hide. But the effect of sulphur ttjxm dried Ims.it* in idiu«.o 
nil, and the oil-film in always nearly trimxpnreul *4 u-s.-lt', idiiitm i 
pigment may be associated with it. Any ehunyr its th«- m 

is denoted by a change of color in tin* paint, uhutotm nun shr 

cause of the change. The* change in the pigiomt mjoj. h ■, 

through the thin film of dried oil unite m rmdiiv as sis.as-ls it w.-n* 
of glass, and generally indicates a h(h*ihIv dk^«boi*iu .4 »»„• r^ji!me¬ 
in many mills and workshops nit of these eoudiUMin !,«■;,s, • ) ui|.tou..8f> 
fumes, and saturated atmospheric elements -are |«r<^nn. imd i, .| p ,„i 
coatings in such locations are short-lived. 


The aul|)!uir element, whether in the oil or the r,-.| !, =,d. ».» !,,, SS i 
any other source, renders the paint liable to dry on H,,- aid,,,-,- .,>4. 


and the inner portion of the od that enclose* tin- pigment 
remains soft and, therefore, more sensitive to uuy dnururfiv** nnhi» 
ences that roach the coating. 


iH'om 28 to 30 pounds of mi lend to a gallon of ,.ii Jir ,. 
to make a good red-lead paint, for even when writ yo.nnd n »>, j JlS f.i„ 
to streak, curdle, or run, and is difficult fur the u* • Illr; i4 

The bulk of the red lead is so small compared with an r^maf un e hd 
of any other pigment per unit of covered wtrfurr, that tf 5r ,4 

the reel lead are well housed in the oil ami pmo , i» d ff rSp - r 
wh n the conrlitinna nm tv «>«.»» . 1 .. . 
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worked or 1 trunked out in h{ trending. The jwtrouH charneler would 
disappear when spread uit nny wirfnre otiter than glana. 

The l nitrd Staten mid other (ioverninentn have favored in the 
pant u mixture of two or three part* uf ml lead and olio of zinc oxide 
for tin? proteelive covering for light hutiM* and neneoant iron Htruo 
turon. Tluw routing* art* harder than ml lead idoue, and better 
H^i«t the action of null-water *j»rn>\fog, and the iduuMon from tho 
nund-lilant u*utd in mteh htentiuna, Hut the* rrndt of Homo thirty 



Fui HI Hp4«’*mirr«iff«|4» * too »4 mt 1< ,»ti nml nil iaU* it n |tniitt«pnt 

»n«i «t»i* 4 .•!. i ohih 1 1 m !'Jhs b *il!<4 i» 3* la '»!» ?*ssl’l<S«'S fttiil 11« ctmi l* 

to»ii»J»n»» Sit l*» «ll|p*U§ffs t»« Il»r r%r II tl*nk® 9»4|(|, (M, I tM'Sl.) 

yCilfM* r%|*rriritrr With jm \lmr~4 IsjIa Ird t»» Si r;r ftlMtftdonUtefit 

fur till’ trim* *Js tli.lt the *o i3 .!r <4 ;m< !5l ihr nut ting cSlJiftfCrd to It ear- 
l»*llatr >4 nur, nod h% it.-) mrft-wn- > >{ % olnsfir tli«ni|»t«*»l its dried rout- 
ttlK> r\j«* ; )»'d fl.r jo *n w*'tl* mad tin* iliiti'W ill the n*rr»*«iot| W®i 
tlUU'lobU §,'fr?i|rj \ h;m V. j! !i On! |r std or ml lead ilfld idtim, 




Red-lead compositions aro extensively advertised to kwp iudrft- 
nitely without sotting, and that are ready for use tit any time without 
further mixing or preparation. In all aueh mixture*, the ml lend, 



Fig> ll.-PhotomlcrographX100 of a film of tlrlml mint token f mm nn k «n 
pillar showing rust blisters. 'Hie dark *pnt h mi k ml m»l a w* ff » 

intact hr 0 (lS h ToohT tre ‘ ^ * im * {,xldt ’ «»d kui nrr ntwi .^#1$ 


or the oil, or both, are adulterated and wdl In* found I** (’niit|>nrit* 
tively short-lived and unreliable wluitevt*r may te tte $oojrnntr**, 
which in general lays more strew iifwin the extraordinary targe mirfnre 
that can bo covered than the permanent ehiirwirr of tte eon ting. 
As well expect a hydraulic cement ready mixed to te « mbtolte artiefe 
for engineering use as an “always-rendy” redtend p«li,t, 

_The setting or solidification of a pure or nominally pure nM h ml 
paint is a characteristic chemical union tetww* tte oil ?i f „| u„. j rip | 
and without this action the paint la worthier. Thi* rl,«*i S ,i^«l m ti, n 
is sought to be simulated in all compound p«iiit» f»y tin* hterni 
of driers either incorporated in the vehicle l»v tent nr t»v teing 
introduced tlirough the tiling-hole of the turret Tim nmk m imrnt 
take place eventually, and the tetter faint will te the one in wlteh 
it is definitely provided for and not left to tte 


,\uxrnn,s ukahy tvtt vsu. 
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tint' gill of rrudr unmoral **il «*r hm\y rrfiurd prirnlrum added 

tu a gallon <‘f tvd load paint will drla\ tin* M'lting of it indefinitely. 
It will dry j.ujH'tlirmlU , in* tin* ovali/ang j*ower of tin* ri*.l lend will 
i-UHtm* that t-* t-ntml, Imt the prtrolrum will always remain viseid in 
tIn' mating and mnittmlh «h r«*\ it I»\ pooling mhui after an ex piiMirt) 
to n strung sunlight «.r boat, following of followed liy a lower dump 
toinpemt tito "i n • (otui, 

Red loud, fit la r in tin' form of n pigiurut «*r panto, when quoted 
a* IH*iitg "around i plain t ran Jw regarded not unit with Mispieiuii, 
Imt with a rritamH that it n» greatly adulterated or (Hiorly uxtdi/ad 
from impure lead. <»r not propeth washed or jmheri/.rd, 

1 ird olass maiuilao ! wrer* t 4 red lend hu\ «* no aoronil-qualitv 
prodnrt limt ihrv ate willing to hate Iwar their In and or seal. There 
art* u largo iimiii’it »*1 jed loud n»inidem tu iho l uiled Mate-*, and 
to tin* mithot'pi ht>.*»«, J«d|?r «»lsh one of flu* umiitier inkortna*^ a around' 
rllUtH prodltrt It muv iil«i l*r of inloM'f.t to inilo that the l nitrd 
States Ihltnsit of t 'oil .% motion, ill ll'i olders for rod loud, h| M*ei ln*rt 
tin* ttiiikr of ono roti<.«lff ji;* the Mumlatd of ipsahlv to w hirh all 
tutuiur** mn *t > oiifotni. 

A goi»d ird IroS a. f * it niiiii^i ft* an tin* n»auufa« tutrr in finely* pul- 
Ven/.ed, a;! I hn | « at at in a gloat nienstitr t'<i\rlir« thr ?a*t t tug and 
running irtt-fi*, « taw I, or emdhug th«* painter-* rail it u ’Hu* atoms 
should lie Mpa*|m*. w bn h indie air-* a g**»*»! r«w rung or light dispordltjl 
power. If tl<»* atoi-iu* at* 8Sv4«S!ijr an>l ssu*i«« or loss trair^* 
In* rut, thr paint will fmo' a Is n<h-n*w !»* " 1 a* L " Thin rffrrf dors 
not idwa^a mdu at** that the pigment n < !*’5n n n! ssi * »t her r»“'*|«*r t ** to 
form a durable for tin* " ta»*L " n ".•'Hn-lmin duo t<> thr ijiudit V 

of tin* oil, aii<i 11 sat flir* ro!*Jrn«l iimunfar!nr«*r lia^ >add*iui auvthiug 

to do %% if!s 

Tl«- a<l*d!«-r.»f n<n of n -A ]rn*| and Istloifgr rmi !*•' rradilv astiTr* 
lairiol Iw digi-tiug r» naioj-h- in a n solution of nitlir arid; thn 

inlsiltrf'afiS.*; Hill IrmiOli *•*{ 

I Soiling Li, 4r»« lil.stir (Mid -mil r-itfm-f tlir itoji from thu 


Salt creates a chemical action on ml lead that i- h.ihlr t“ i'hdor 
the coating and reduce the red lend to a metallic -'tat.-. 

Gvimsliaw recommends a mixture of ml had with |oi«nnV 
sizing to cover pine knots or yellow pine woodwoih, in tend .4 the 
usual shellac varnish. U forms a heavier n>ni«i»r th.m >h. IU-. n 
equally or more resislatil. to the pilch, and i* h-.-. 1ml.h- «*» hlr o-i, 

A gallon of pure linseed-oil will rripiire u.4 h > than PU p>mnd. 
as a minimum quantity of pure red lend to pmsmh ;»- a '«uh...!iii 
quantity for a reliable red-lead paint which wiF mui tfn. V/.u s,, 
1200 squaro feet of metallic surface, llte^r quant i?a • *4 is-.stuu.d 
at once remove red-lead paint from any muipaii -m .4 • * with 

the oxido-of-irun and many mixed paum pun* tp.iU. m ih. turn 
of proprietary goods, the ingredient* of which me •■nh »,s,>-w5» f<< tl.e 
makers, and the, character and peitonuam e «a w i.u-' * II u '< in 
quite as erratic a manner us the price paid toi He m. 

The protective qualities of a well ovidi/ed pm, i. d !* .s ! so I ,i 
pure oil paint, properly applied to any 4nietme und» i .no. • ’u» , 

except to tht 1 action of Iiydrie-Milpliide g.e*. ranm*t 1>« /.no u i I'*<it 

what effect other than failure of it can !«* r\p»-i i« d h* u .» r * > ' o- 

ment engineer in charge of an important h\ *h auln . ■<•» 'iuoi.oi, 
after cleaning t lit' metal part of the w < u 1* 1»\ th* • .»nd 
it with tilt' following paint? ** Hed lead, Itt pound . n.i o d -a o h ?* «. 

pints of water In one gallon of raw* liir-eed oil l>o th>- Li t o n,d 

for the second coating, red h‘ud, 10 pound' , tin* * pm* ; .4 a s■. », 
tlirt'o ounces of lampblack mixed with . uom*h tm?». mm.- n« .*! 

a paste, and one gallon of raw linseed oih h « r h.ond n> >< .n 

to first moisten the red lend with water to prevent the por,* 
streaking and sagging. Without the water, a hm*» p*,,p,.M i,,n >4 
tni’penline and drier would have hern tierr**nrv, .m.l ih>.^ ?rn>, «■,.» 
sidnrd injurious la the life of lhr jHiiui, to warm w« mb. t ■di.dsfh 
less quantity of rod lead could he u*ed *' for more «.»nu ’*i 

Many kindred exam]lies of such 11 how n<4 t*t • t > uei mi e- 

can he cited, none, however, more eompinioti* than the »l< -u 

the engineer in charge and the character of the u i *j S, an- * i ,n -sd* 1 < d 
The substitution of water for turj*outinr in the iii.'.oon! Iii i»■ 
noted in order to mnlona the l’f • it • l i 'it! is. It I it. 1.-.... .. «... .. .. 


iiimlirilti ul l hell rlllrr|il i:»«* \\ ll! seem j|j ruin jmrisuH luit uu 

U^mniU -nut 1’Hir HTri'U uf Watered nil is further cntlHUlrred 

in t'liapli-r \\ \ ,} 

liilhtirtjt , J'M) ii’r«4«.\t«ir «tf |rn*i), Sjn aftr K,f>() (a 9,(K). 

kilhuijm nn the In»! j<n idm-i m the uxid.dinu uf uirtuliir lend 
to funis nil lend lun Um dr*n»Ud. Auuthri suture uf iithiirgc in 
from ihr >>«'mo *4 mi lied !*-«<I m tint fmm tin* mirltmK uf nilver- 
llf»tiuR IHV'I, ll t"> ho Olid 1 »J 1 ill! «■ \ldr l»\ r\jHrdl«K to tin* n msting 
Isntf *4’ ii fuiimre ih«* -.Imt, »»i “millir,"’ thnl «*n nmlini* forms into 
tthilr ul link* htlroir* TSh* |M»* t hm drlm |ir,| j* t <ull« d M Mn**i» 
cut *' UI " lr\united “ IlfluslM*'. mid S'? f!lenud in Hiller, dried, und 
Ililti h* I«‘H» 1 1 i> *J f h«- mill k*‘S, } 1 In ii \ *-11* * 1 % fi.!i lid MlltHtuilCt' or no 

illiiMl ]«h> nr* |«»a d* i, utei ri \ n! ,dli,?»T5 in liur -st\ >!|iled sruien of 

ll i-s u % 1 1 S<**,i, ««t i rdilnh j>n 4 t«\id«- of 1 » <»d, juii?i.-alH fie.« d ntul send- 
liuu >|un of l hi v • 11 . -u i th*- fum'd ,,s liuid j<J* rm llial r«-t juirc to 

|te t'I«>nii4 .tnd h'l SfUili -i; lbs lid u!n’ .Or lljr lluUes. Tin ■ * IllTet'eUtt* 

ill tiir «’<•!<■! .inn • fu .1 » ? S ;i J' . I hill .ll ;d rnndllmii irstlltili)' flulil till' 
ISMIIIII! I .sod did* !i ill. iu t >■* .!o-,}» til. mu-m d f <o uhief , u riUJUi I cunling 

|*i\ Olf .1 «-11 ■ < ,b 3 fs s' * 1 1 * < it .1 ! > i « dlls.;* ij 1i-rj.il ll itjsr, 

11 % !'■ O * <. .1 1 ■ i 11 ir b >4 !< .el, (l ‘14 )), 

III IA' t 1«. 'll. ,1s' t -- V» .’ : *5 !.-■ •»,* fW.‘ , <1 > s.r! 4 SJ 4 ' k'-»4, 

o '»3 . ’ urn’, *• ■ r- 

•j y» ” ti.v • i " *.*■- • i*”!, $ 5 n.,< t soiiimtiaiv,tilutmiUi,t*te. 

| ji t '■ j; ,,.o *: ■■> >.!• in ~.di> s» , .out i iu ttia. 

II |1r s ■' li.r . s 


Tlsr s;| !r; n i o . “ rl.sj.li.i > d ;«rl llir SO .Osl| »o) si 5»»*104 Ilf f||0 

rhiii r* d'Olur d,. h. *isrr md j.f •* !*|’}'h» ul*Se l«* lilt- 

.4 << 'i *. li .*u ou-o-m iot u u led 1 .- Ill Isa ?|tr; »!*«» 
file rniiM on- tn ”3s,ii*u' .o d ds«- on. 2d ><\i In Js»rf»f«rr 

If f.»t .i pnf'n.riti h’- ■ *ihi ’ u’, •. Ii-, .el. j'tm «hm used in u |«;tiu| 
|5t ilSh ri» *1 h>. ?!n -.'O .» r.oeir- llf.l'! .d!« i-f .1 !« (1 h ud fnritmfj. If is 

jldnhrJ-.O*-'! if ij W ,--i1,]r ill a isrili IrOrf :«"rd lisilWn T limit Jill) fed 

tad 

flr,i»rr o u, I, .«m %\u ]idia?i?r " \I;».?;*4ns!al*«i from 




The carbonic acium mo wmio irwi u* exp u-axiug u 
of lead which absorbs more oMgm ami j*r*»*hn * ^ « mi S»mi *4 .•» 
lighter color than that made from litharge I* tmmm tlswt th«< 
tion is more complete. 

Paris red is prepared by roasting tin* mtUnmir «4 h»d i«« » lithutge, 
the difference between the Orange mineral and !‘ate> red pigim-ura 
being that the latter retains a little earl tram arid »n ire «•*!?»§ • otimn 
duo to the different degree of heal emjd* *>cd in sl«* furnme and the 
manner of cooling the product, YermilionrUr i n an orange mi 
pigment fonnod from the oxide of h ad. 



niAFl'Kil V. 
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Whim L«wt, IW*** (lfy«lrni*-4 lt»f 8j#*c*ifif gravity, 

li Ilia to »t. |HU, 

Tut: iiiilivr surfs n»rI*oimtv »*f liwl, (!*!»(*u a ), rnlltnl 

wltitr lrml <»ri* «»r jntrr i» fuutu! its r<»|urlt*w rryntnin 

tif tin- iriifiHrir m It i« ui mtuiturrml ijuimfifinw in nil 

U»' %%*I«I wl»'tr luiurrul It-i** 1 t»rv» nr»" iusm*»| fur nturllittg pur** 

l‘ltm isiruliMiiw th«* tm*' • 4 a tmlsvr rt*rut<v fmuitl im the huuln 

itf tin M |»»l Itn 111 >*i 45 t> l!l«. 

'Tlir *>ul|4si*l«‘ 1*1 }«(»»!. { P1»M, Vi I hr him* Irjul oft* (< iltlrlSIl) Hitt! 

In l hi* j*ru»« i}*iil «*• f»ii lSir fujjijih «4 issHsillsr l»*mi, Whitt* Irtul 
IU it I thi* r*'«1 u%t*ir !<f Irtt'l Bfr tsr\I In S Is*- i»f it. ill, ra*lm\ UUl~ 

| M «r, <ui»l 1 hr **Mi -it n j*i|?jnmr.. I it*»«'!irislt*j* (n,«'. *11H)) 

1’ltitv, jiinl \ rl nr. tun till uirnSn-n I hi* i.f ttljtlv h*n« 1 hy 

niri.till* 1» <»4 l• * 1 hr % i» 3 ~**r >4 \ iui*|*iir, gn hig thi* |»r»«lurl liu* 
lM§tt«r »4 " I Vrn •■■■;» ” rt?s*l *'tVr»r;,s “ lh*l>;iti;iii III 1777* ].*<*ttli/-r«l It ?|S 
II riittwaSsiiir *«f !*•*»■ 1 iii-ifrii.l «.f uti ,'irrlit Sr, «,« if hint itt*fi«rt' j«*rM vein** 
pt«lrrr.I 

WSnir lr ,*4 'A ;i - mr-l In |hr I 4*1, |»S j«in ii» si riMiltrtir lung Ix'filltJ 

it#i riii|4<«i Hi< j« 1 h»r a j <3^ turns 

Thr 1 tun mg ; »n-} mu !l sn^ *-f lr.nl uf** !»< 3«r*whsr«* Ksr! lni»f WW! 

|»riH'tinr 4 h'< I hr < hsUr-r ‘,* 1 K ** i n-i! f‘i Si < hi I hr nsnr|||!i|» >«f IfSiil 
HIV hir^r • jl i:l4:=! d S« •: >4 S 1 r h 4 1 t jfs* * . H |u lh«* fr-> 1 1« !|*l * * !S lilt jt IIS t 

111 .* Itnr ->4 « !il< h .r :l •]-3 j‘ 1 in 3 .! ;iS»l»- 4 nSr'f. |V,r 1 51 < .« 1 < < 1 yrr 1 A | »f» M It ir if IU 

ttllltl* !«-.»-1 hi < . >t 1 . -St-.J. li r* *UiSHilll*!«'*l ihr 1 nfisriiti-si f«i JUirtfv 

lra»l u*jtlJ«-4 <-].?.> 1 * ? - 1 •, fit»• 

1 hr 1 >S' 1 5 u' j 1 1 i 1 I . >f whsSr Hr ii't S’t nr*»hirril I »V lilt* HtWalltll 


tbUWUUU* 


■was almost synonymous with that «»f ll«*lh»nd. mid rtnh-uih Xlm 
introduced by Hollanders, hriur tlm ixiiir ” 1 “>l* h I*i• «•■>*» 

In this process thin perforated *»h«*W* of Irud urr v%inm-4 m K*dh]Ntt» 
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containing a weak solution of awtic arid (wjiti-r with imtu *4 ntti'fig 
acid) or common cider viuugtir. The an- |d:ur*l m 
each tier being loosely eovorrd with U.»rd» mvI m i !4 » 

bers, 9000 to 10,000 pot* containing (HI or m*.o- ,4 i, s ,-i;,u K l M id, 

The bed of pots is then eudjcddod in tand*atl Mtw.hvtt, | S fi rf 

etc., that ferments and mam raw* the t« uqw raino »4 ii^ m.,,,, |„ 
140® or 105® F. A quantity of viurgur ,Vi ,4 ~u,, u % 

acid converts 2 to 2 | terns of leml into the ctirUmafr .4 h-«/i u, A u*m 
100 days. The only attention the In! rrqnm* thmu$> il« pr* ,4 
corrosion is to control the ti’tiipcrntiift' of (hr mmm In srpulMn,,. iW 
admission of the air to the interior of thr i*nb h% ,, f , i,[ :ntin 

the apertures left for that pitrfw, Tlir rom^n rs !s , ;l || v 
completed at the end of (10 days, hut thr load s* *4 )i f »M P$ik% li%t 

so it is the practice to allow the timlu to rnuiibo utihndu-n (.»* jsi M ? -lit 
days more, in which time the lend anjnin^ » pro^r u n iv 

lead is allowed to remain In the \mh too hm K , ^ t, ,. f n it 

is liable to become crystalline ttnd tfnft*|mratit j*s»< 1 «ill )«• .4 |*«,f 
covering power. Cara in nmmmrv in the t»* «.f l.n.-r is 3 ,i 

from flesh-eating animals, m they an. Hal*, u, «... 

bonate of lead m It forma Into a dark aidphldr. ..f S ,-„4 
ptarmis hydrogen evolved In the dimania«»iti.«i ..f it,.- n, U n,t. 

At the time ol stacking the air In the t.d . 

of oxvffen: affcfv 9s um*t« u 





through a r»**ri***» "I r*4J*i, Iwuimi, and Hvrvt'UH, 'Hu* corroded Icutl in 
then mixed with water and ground Iwtween huhr-Mone* to an iuipul- 
pnhle ju»wiler t ieuernlU ikm purl nf the j»rnerf*>* is <imi| ted l»v tho 
tjuiek |tlttee*« lead luumifurf tiler*, heenil a* *tf the line .state of divi¬ 
sion to which it is iH-rrmiiH to reduce the metallic lend for these proe- 
e?w*«, '1 he Uln otloded jiut t irlr* ate so inllUmteh assoc ia ted with 

the curl m mate that t!»r\ an- mditlrtmih eliminated in the separator, 
and if run thiomdi the w -Ilei Mourn, vv ill riiut the fare of the stones 
wit Is n coat niff of metallic lead that soon impair?-. their grinding {newer 
Hiul impart * a duik color to the product. 

If the ptelmuuar\ wirdnng l*efotr grinding in not thoroughly doin' 
to f r»*** it from t he acetic a« id \ w Inch j* a drier i the j«mderrd nudum- 
ate will dt \ m i *\iiins an-! Sumps, mid si iua\ eontant purtlv corroded 
or purr lead jiali udr-i. m wlmdi rase the rot (onion of them will pro¬ 
ceed in the pusni co.»tjjif* fi«mt the t arl*»*nie acid in tin* atmosphere. 
Added adulteiants *4 am natuie cannot present tSii» ?»eeoiidary rot*- 
rttsimi 

Slh er II* flie met alle lead ploducr-i h pjnkidi rant in the eorfodinl 
lead, w Ssde S«! unuth m< hisn it to « dmk «*r gras color \ntimon\, 
arsenic, non, :m»\ and other metal 1 * aim* hat e SI great rflrrf on the 
mint of the * otto.fcd |rad 

After gt iiidiiif?, \ he suited * mlwmate and water is tuechaliicaliv 
floated to rriiiia e am e.nt’T psit f IS In, thru pumped into large settling- 
tanks, wli*i«’ it is >).<u!>le »a-the-.| uiih pure wdt water and l»ienrl«»iif»te 
of nod# SO nohit joj* to unit f tdufr am tfsiirof (he are tie arid tllilt IS III V 
l« 4 pf e-tent \fter jm HifS 1 he Send itine to nettle m tSuite flillkn. tile 
wafer in drawu off. and the pulp lead, ram mg al*oiil „*-l j*er rent hy 
Wright of w aim. rt j*UJnp-4 l.« huge ;-hal!o« ropj*rf dmng pate* and 
the wafer rt a|«.»at<d 'Ihe* dr*mg {*r»«-ra from 11 to S dav*s, 

file frmpesatme >4 flu- At % mg ntonr- l*rmg kept at fr»»in l-llt" to IfWf* 
K The lead pro,hie! \\ hen it Irito-’’ f hr dt % mg-pans »« pulverised 
and marketed dr* «lute lead of ground in Imhrotfuite* with 
imsee*! oil h»f si p.rnfe tsf !i!i %*•« 1 pilltif 

A ri>o»l*!scati.i3i of ihi 1 »ut^ h f*f*« ee- head knottft m !*»lj* JVw- 
rm hrmld om-nM.- >4 tak mg the pulp lead fr» >m the »Ht ling tank# 
mid placing l! it? a lank of hmrt-d »-d mid mjh|r«img the mixture to It 
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the stark mn\ <hiln fi»*i 11 fli.it :tl 11 it* •'!»!** wall'*, \vln*n* mnn* nminturc 
i> |if**"»***11. An r\rr . • nJ inf.i inrr v*i\r-. iSir uruiim u .sugary ajuxau- 
jllliv, Tlir r\ ruin • <<1 IriiijM ! aim i* Mi Jin* ■’lark, <lui* Its liilUiy (•JlUst’N, 

a 1 - 1.1 t In* I him* lit 1 In 11 i:i! I In' r*<t iii'amt i*< rlfri’lfij, gnVrriia tin* 

tjlKUllil \ ami i jsiall! \ <4 ?U< 

t %*i 1111 »«• s rial whit* j 14 J» n iii jii{»■>| i*,=», 11*1 v ml rn«ii««i, 

utnl gimiml 1'ii-rr > «4 uni*.Ml.III. 4 !ra*l. tun Iwik, nml uthrl' Mil). 
Mamvs 1 1 **i 11 tin I*• 113 s**3 1 f }>.!> kint*. an* imoi jw»ial« il in flit* juiyitieut, 
Mli'i ' jMi nl s|rrnsi?j*. •• ».! w !-s«li is i flu- uns«*il |»us|t* nr | taint 

tii n iiloi *. it ami *Js<<i SrSi ■ ili*’ hi. *•! ilir |ininl Tn Mirk nn r\tt*ut 

j-, (in- t*!»! «-!»”*•> *4 1« *nl j'l ;n « rn 4, that tin* bnusit uf "U|tl 

l>Hlt*li lV*«r ”• " i * all* 4 ns 4*1 1 mu ' th»- }.’•» llirkv jtrnt , i , '»i ” 

In sin* u>h <*> .u* •> «4 ih> * all. A ' < jtiirl* | *i * «■*■'?’ ** It is nn {i mt't*r 

It t! |!<’||I<I| <4 }« i it * i i« *n tn n tin4a«’air an.I |»n!SH, itliSrss t «t it a I lift l 

tilUrrllh is > *i M s* ;«'•>,! :<f »i» i u n • 4 u".«,s« s <*l > Irulrt <. W \ rl I hrirss, 

wlnlr S< :»*1 I <a It t ■ h* i'i s‘ ’ \ i > Ibijrr UU> S ill ‘ittllif i*ji*m*s 

h;t . lx > is in.(i If s ai < -4* ?-* -a % flat? I nil fmv mrn *c|f*rs 

n<!lf <i i * « •* < ’h* * *14 h . !l>*Wr\ rl a l«*~i IS It 1 *1* * if )HHV 

|*i- has.* iIn s i | ' t’l !>•« • - 4 ■»<*.:' < <w IKK Ut **»»■ «'< «li!t*!rtnv lltnl 
| i.t in J > s s ns i *s * * - j ni,' l-v.» a si-- rsriil’i, w huh liuvt* ln*ru 
kii**« n an 1 » * 4*..i f , i i . .i i**.’*;*!,- 

.4 *» i< s i. i ■ > < ■ > . i 4 .a «.» j.<n is assj-4 sts l hr I'liltti*-* 

lit.n nJ * j .« * ,»lh» h .•* l s* it ■ - * s! a • - "i -**. s*» ■. **i *i«sl*j«*rliist' I lit* 

)| ,ni f*. t|?j. i< <4 . 1 -'. \>A -1 .»n. M.I 1 !n >% 3»;» ft If »** ti\rli ill t * * 

.-.mail j*.n ^ s* k ■■ iru 41. ,* ■’< i b. .nA.m- I*» tin* urlinti 

<tf ( Ijt A’ > In -Hi! . ' | -* !5’ !2./ 1 h< f • ■! ’ li.S 1 !• <Jt *<f fll«* {irt'l.’llf t»f 

l<nt«i. w hi< h j 1 at 1 * i x i * . i * si* !. •! )n |>isv'.ii,ff t ar!n»Jali* j|t*»tl i'll?* 

int -1 iS . 1 n. .*« ’ .'U'tii i’i -.ja «sal n| «|sii at u-i. ul lt\ the 

In <1 j.ji 4na ! -4 . t. . iui 1 i in-i** |»r MtTW’*, 

ttlul* (Si<’ *. . h< .. . 1 !».„■ !. lh« > ..U.IWJ..3S, It.ilr ls»«t l!n|»r»»\rt| 

| lit' .|uah< *. »■! * h* = *. -1 k -s’ n« I tin -lanp*?-. !•>* fh«* t’injti«»y**H. 

I'li,. j n, < • i. * < „ . i.nni 4.n. *> s i is* *1 »»ish rnaiX’r 

its n.ittnixm n l.M n . ■ r«- i > 4rn.i. .sl-s rf *s alljur. ini*! fiirrit”* 
ills* wnts-f -4 < ) •. al’s; i'i. j: It,a? 3*. .sftK f-a .If’l-i ***•<! f ?«*'* in tlir |*rilltlltiK 
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oxide into a solution of neutral plumbic acetate (sugar of lead), 
is a white insoluble, anhydrous powder called “ preeipitated white 
lead.” It is of comparatively recent use and is favorably reported 
upon for a pigment. 

The hydrated carbonates of lead, formed by the direct action of 
carbonic acid on the hydrate of lead ( l*b.(( )I1) 3 ), ditTers from tIn* pre¬ 
cipitated carbonates in being amorphous ami perfectly opaque; 
whereas the precipitated carbonate is an aggregate of minute trans¬ 
parent crystalline grains. Hence the former are the Um pigments; 
their greater opacity gives what the painters cull " body.” 

In the German, Austrian, or Glnimber processes of corrosion, the 
load is used in sheets 1"XN"X 12", 1 S00 or 2000 sheets in n bo\, H 
boxes to a cluunbor that may contain 12 (o 21 tons of haul, Tim 
walls of the chamber are lined with metal and heated by strain. 
The carbonic-acid gas is made by tlit* fermentation of \ illegal', venst, 
and other substances, ammonia, phosphate of magnesia, etc,, Iming 
added to hasten the fermentation, (’arbonic acid from burning 
charcoal and other methods are employed for generating the ram 
bonic-aeid gas in great volume, for a quick corroding vapor to Jill 
the chamber. 

The Kremser while nr Ivlangcnfurt, a German corrosion prniv^q 
uses the vinegar from dried grapes as an excitant to eorru^itm. The 
best quality of this process lead is claimed to be whiter tlmtt the 
Old Dutch Process” hauls and to cover equally an well, 

Krcni’s or Grom’s white is a poorer quality of the 11 Kreiuser 
process” lead. 


Krcmnilz white is a product, from KrommU’s (German) dry 
precipitation process. 

Make-white is a pure while* haul in a scaly form rather linn 
as crystals or grains-!,he usual form fmm the Dumb pm,,™. It 
lacks opacity or covering power. 

Tho Chcliy or French |nw« in Hi,, prim-ip,,) 
process used ml ranee. The ,,m,luel i„ known „s r,L, ,1, , M,„, 

t is entirely different from (he other ..np^M,,,, „ r ,.reri|.ii,,ii„„ 

procc-sses men.,one,1 before. The while le»,l is for.. In- 

catbomc-acid gas for 12 to 14 hours th ‘nmrh n .... n„». .. 
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formed is more nr less crystalline, loose nr course in grain. It lakes up 
less nil than the ()ld j >utt*h Process leads, allows more' light to pass 
through il, lienee does not rover nearly so well. 

(irenel term's ((lernmn) process consists of t lit' act ion of carbonic 
acid on finely divided lead ami litharge while being rolled constantly 
in tight metallic cylinders. The mechanical friction aids the corro¬ 
sion at the expense of lhe purity and durability of the product, though 
there is less exposure of the workman to the corrosion fumes in this 
part of the pron 

Milner’s t Kuglidi) process produces white lead in two days by 
the action of carbonic acid on oxychloride of lead (litharge) by 
grinding them together with common salt in water. 

Puttisou's (Knglish) lend is a wet precipitation product the oxy¬ 
chloride of lend, made by the action of muriatic acid on galena (lend 
ore). 

Thr ('arlrt (American) process is a modification or an improve¬ 
ment on the Kremuit i ((Ionium) process, Metallic lead is melted, 
and while molten h riven into fine part icles, like flour, by a jet of high- 
pressure superheated steam. This amorphous powder, of a steel- 
gray or dark blue eolnr, is charged into a revolving cylinder f> to 7 
feet in diameter by s to I’J feel long. (tin* end of the cylinder is con¬ 
nected to an exhaust fan and the other end to a Mur leading from a 
furnace where carbonic acid gas is generated from burning charcoal. 
(iciierally the products of combustion from a coke fin* under the 
steam boiler of the plant are u*«*d for the corroding gas, the furnace 
gases having Itron washed and purified to free them from any sulphur 
present. The tenijN-rnture of the revolving cylinder and the charge 
of jHJwdered lead b> kept at »il*otil 1 IU * l*, during (he process, Dilute 
acetic acid and hot water ate sprayed into the dmutlwr at different times 
during the corrosion process, the stage of whu h is always accessible for 
insjH*etioii by removing samples of the lead without interrupting the 
chemical action of corrosion, The agitation or turning-over of the 
lead and its c\jM»*u»re to the heal is constant during the process. 
Aliottf fto j«<r cent of the lead in changed to white lead by this process 


the care used to eliminate the acid the more reliable w ill In* the product. 

The products of all of the. above pronHM*, an well a* of many 
other quick processes, vary in some degree of quality or form of the 
white-lead atoms from that of the "Old Dutch I’rueesm' The latter 
can bc sa id to rank as the standard fur purity, linrnews anti all other 
qualities which are indifferently imitated in most of the quiek-prtu'tw 
products, the Carter being probably the best of them. 













afterward. 


Elcctroli/lic While Lend* 


This process is a radical departure from all of the other pmreweN 
for producing while lead, in not. employing un-lie arid, hut in acting 
upon the lead in the form of pigs with nitric arid, which h generated 
by electricity. The process consists of four eniiM-cul i\ e sli p-*; 

First. The electrical preparation of nitric acid and sodium hy¬ 
droxide. 

Second. The action of the nitric acid mi tin* metallic lead form¬ 
ing lead nitrate, Pb(N0 3 ) 3 i Il 3 . 

Third. The reaction of lend nitrate and sodium hydrate to form 
lead hydroxide, viz.: Ph(N()j) 3 1 *2 .\hUII Ph(( >11), - 2\a.V ». r 

Fourth. Tiie combination of the lead hydroxide and nditmi l»icar» 
bonate to fonn lead carbonate, l’b(l di) 3 ? 11 X«t *t » J . \uttll , J| ; u, 

Reactions 2 and 3 may not take place strictly a* gum, which 
are the theoretical combinations, but some approximate reactions 
are had, for the extra hydrogen present i« lii tended at the elect i*»de. 

The chemical operations in the pn>ee*« are hrielh ; 

First, a solution of nitrate of sodium (N»\t i^) h, d room | d 
by an electric current from a dynamo, the strength of the •«,lotion 
not being important—10° Ununtf or one jaaind |« r gallon miifirm, 
This solution is put in a series of wooden cell* dnided into tw„ 
partments by porous partitions. At the |nwittve electrode In hint.-ned 
a pig of lead, at the negative a sheet of mpjwT. «»u appKmjf the 
current the nitrate of sodium is deeoiujHkscd acc» *rdiug t*> the r«jua • 
tion 1 given, nitric acid eolleeting at the jirniinr rhctmde and 
sodium liydroxido at the negative. The nitric arid «f ,mee i,ttnrk« 
the lead and forms lead nitrate, which dimojv,^ p.junhnn '21 
tlio hydrate of sodium, pnxIuriiiK m. ofT.-rt il». „i ,l„. 

negative pole. 


finally, both solutions an* separately drawn off and mixed, n:i 
desired, in quantitative proportions in any suitable \ ,-««•! The ri .,,,|i 
as shown in equation 3, gives the lend hydroxide a:, » white 
amorphous precipitate and leaves the nitrate *.f m m.luh.«n. 


Hitiiill, uiul a lit 11** ntlilit ional Iresh sodium hydrate restores its strength. 

The It'iM 1-1 iy 1 1 1 'utt* precipitate (IM»(t dl) 3 ) in thru (illcml from the 
sodium hydrate by n ml ary separator, and the nitrate of sodium 
ret urneil to I lie original reservoir. 

The fourth step is in some* reaper (h tin 1 moat interesting of all, 
and cuumMh in adding to tla* lead hydroxide a solution of bicar¬ 
bonate of soda (or the normal carbonate). Reaction -I at once taken 
place. 11 uill be noticed that the sodium hydroxide is the product 
in .solution, and lead carbonate the precipitate. 

The sodium hydroxide removes most of the impurities, if there 
are any, in the hydrate of lead. It dissolves any salts of alumina 
or zinc present, and it removes the urguuir mutter. These impurities 
appear in the solution, leaving the preeipilated lead remarkably line 
and white. The hydroxide of sodium is again converted into bi¬ 
carbonate by passing earl nude acid into it, and tins is used again. 
Thu* the main agents in each of the two principal stejw, the nitrate 
of sodium and the hirarlionute of sodium, are made to do duly over 
and oxer again with but slight additions to restore the strength. 

Till* use of free nitric acid in the prow's# is ubjirtamable, as under 
the inilueuee of electricity it breaks up with intolerable bum's; also 
for other reason". Acetic acid is also objectionable for the name 
reasons, hence the recourse to sodium or potassium nitrates for the 
reaction*. 

Tin * cost of white lead by this j»rtH’ess is but a fraction of that 
by the "i »ld 1 Hitch Process," m the lend is Used as it conn's from the 
smelling furnace in pigs and rwpitres no remelting or easting into 
buckle* or shreds, as in the corrosion prorrsws, and the whole process 
is complete in a day. »»r, for that matter, in an hour, an all of the re¬ 
actions take place rapidlx, if not instantaneously, no free acids are 
Used, and the sodium e»>mj«nmd.H are recovered, as noted. 

The texture of the lead product is almost molecular ill fineness 
and d««*H not require grinding, it being so fine that it remains stm- 
|K*ndt*d in the water for a long time, and in order to filter it a special 
brand of cloth is used, n» iilter-pajM-r would scarcely retain it. 

Its covering j tower applied side by side with the Ihiteh Process 
lead apjantrs to Ik* equal to it, jtowibly a little Is'tter, but never foiuul 



|rjt«I t«! aJU |?r** 4 l rt'!!titl!h U<1 litur !•< sjrtrSinm*' Hsr J-r«iirl| 

<» r c | »}** < 1*1 "i'i Iran I, s *1 t !i« wbiie Mi.i. 3 1 1 1 ' * 11 ff 1 i t nl lii } w» {j, 

ft*\t>luU<'luUV m!s«\ I S3 It I hr |!|‘«lnr| Stliiilh J »1» «'* t !<< In- * trrit !«i ily 

1 1 11 " i" 11 * tf l>> 1 hr Mulrls 1*\»4. ft * «?u sM ? I \ ’»! alltlitr rljiil iirirf, 

} i ,!«»(«•« Ip«f i*i\r the- ««| »;if $ I l ««! *<! -’! »r* ii4 ;*■! «tli Ulrirt ibr 1st ss?4», 

**f ;i.-s Siiitrli *)?ijfis«r .»•; t hr I •* i?« h « >vs 

Tli*' 11 S I *1* MfiT-s.M ]<-;*4 juttli'i ;sf < >J3S, %I? { tt t« j||si|||f$ 

*4 tlir fill U*Uiils-. l‘!4 » * } «n*i * *ti** <4 ll>r 1 «* 4t at« ,4 Irani, 

f*l»{i if 1 i but till"- rmnjweut s-»n .|«n n« >\ iilu .;4i -i <if tt. !«*- «ij s-Mfi 

<%! 3 tlf i jltilltl S. , n,n timrli a 1«-| **• I si IH|««!s lb’ I ;lt r j?n r!l .iiifl5i|' | !»*- r«»f t*etI«>U 
|wrt 1 4 tlir 

1 4 *|H i )|\ tlrntt'. 1*1 tin* Inultidl' «‘\l4r S.:s A \% lilts' slllWif )t|l« ajn ‘iltl* 
sliltirr Tlir ri 4 rlw«ti«l»* tisut l*r *-it M r **? « 1 s it alimr. ,»Irj*rfs»i 

ittft lIJw*14 itsr tiirSlfifal-i *4 ii’: |*!s jnit a! mi) \w« »* flails s|it(iiil5r*« 

i»f lltnt< fan (onus uir «|iulr imhkr. -.»n>i fist?; «-*j<3am-- aln thr nnr 

i«C »«|ir Imps ft iUf tnns-4 illft 1?!*' ntlu-f 5 **•*•!» ul n»l»> 1* »li« -»I .V: [4 

Tin* 5 »t**iii-i s«! il« • *»iir btm air ’jJii-1 ft* !«• 1 s**!f. , f ‘ , 1.» , $ lift 5s tit 

iSiMlSirf»'! , ;in 4 Sis tin* gr»»4l!U£ a Ills list* *al Sain it n|. 1 s <* I ,,t 4 

n{ Mt}*j£r ill t’ 5 » if 1 c>. ttatrf Ill flu* ’ t I! * j s I'li t r«K> 3t- .4 S- a lifjs | ’Js>.|trrH 

1 S»tr»»ir4. t ?»* alnisrs «f<- yj-'lf slat . !*n>i f >* ’ l>»-! j ; s 

lllul | M'H S 1 31 ir isr % >4 t Ilf | 6 A’il>S -» 1 ,rS ibist 1 ?«, an Ain*. *4 fin sj'iiirL | >fi .* 

1 In* « S % .‘it {llllllt’ ' 1 ‘ «-> 11s *' * 1 ill »-:■» <t!t 3.*-Ilf S III' TSiiHsr (|31 ji »uStf 
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Ill Prof. Hurst's analyses of four Humpies of “Olil Hutch ProecHB” 
white lend, t ho carbonate ranged from lio.hf) to 72.15 per cent, the 
hydrate from 25.ID to IUU 1 per cent, and the moisture 0.42 per cent 
to nil. 

Mr. ('ouverso's analyses of live samples of tin* best brands of 
Amerieun "Old Hutch Process” leads gave 
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A very hard white lend lhut eoutnins no water lead will not harden 
when spread, hut brush oft like a lime whitewash. When this occurs 
when' the necessary amount of oil has been used, the painter enn he 
quite sure that the lend is n ptwirly eorroded or quirk-process leml, or 
a s\ nthelically formed haul from an acid-solution proecss. Curium- 
ate of lime (chalk, whiting), gypsum, mu! other so-called inert sub¬ 
stances added to such a lend do not correct this chalking; they only 
dbguHr it for the time i*riug, and increase the tendency of such lead 
paints in turn yellow and lessen their covering jwiwer. 

All white lead on internal examines is liable to chalk, liernuse it 
contains too touch carbonic-arid lead ns it comes from the manufac¬ 
turer, or has taken another portion of enrlxmsr acid from the atmos¬ 
phere at the evjK*»isr of the water lead, and formed a sul tear) innate of 
loud (the chalk pushtcl. PltO t,),tir Itns Hu* little <dl in it when spread, 
or has not Item well ground in the oil. Paint* thus nfferted, if brushed 
over with a coating of white lend ijrmtml mth an urnm of ail, will prove 
to l*r more durable and less affected by Fill tire chalking than the 
original coating, or a new heavy coat from the same lead. 

The formation of a lead soap in the ordinary process of grinding 
and mixing while*lead pastes or paint* is a disputed JHiint by paint 
chemist*. Hut the lead hydroxide and the free linoleie arid in Httsml- 
oil, if acetic acid is present in the while lead, unit nmihinr and form u 
lead-soap mixture. The paint containing this soap, on riq insure to 
the weather, soon loses ins lustre and will crumble or chalk. 

The n reamer of lend wmn in nmnv, if not the most, of white-lead 










fuse character oi the paint. nun zme wime m u,u,w» «miu in mi 
no such admixture is possible, for io H»‘’se paint* the oil will nut 
saponify owing to the absence of an acid.” 

Mulder’s and other experiments proved that the chalking of white 
lead was due solely to the absence of \\atei lead in the pigment, unless 
the lead was badly adulterated, in which eu*o this effect wu* directly 
traceable to the adulterant used. 

In general, all the laUcr-day-process white lends are more inelimsl 
to chalk than the “Dutch Process” lends. This nr»*u* (as .stated 
boforo) from the smaller amount of water lead in their rmmioMUou, 
and being of a crystalline instead of a globular form. In the grinding 
process these crystals or grains are broken down, and the combined 
or formative water necessary for their existence in the form of ervitals 
is dispersed, rendering the broken lend atoms more sensitive it* tin* 
attack of the atmospheric eurbouie-aeiil element, that finds in their 
sharp angular form a more favorable surface to net njM*n, t inly a. 
comparatively slight action of the carbonic arid on the freshly crushed 
atoms of tho load is requiml to change it to the .mbeurlHumte, and 
leave it free to bo brushed oft by friction or washed out !»v Muniw, 

Old white lead, or that, which has been ground in oil to ?i pn«te fur 
a year or more, chalks decidedly h*ss than recent 1\ corroded lead, 
by whatever prooesH it is made, The atoms of the pigment in the rant* 
of old lead have had time to release l hen selves from the tension due 
to their formation and grinding. Adulterations do not prevent these 
inexorable chemical changes in the lead pigment; they only increase 
the disintegrating action. 


If oxide of zinc is used to give lianlmw in place of the iy? t !rr lead 
in paints exposed in open air, the utmwpherr utoMnrr and carbonic 
acid changes the oxide of zinc (55»(t) to a m w mrlmnittc tZnH 
whose volume is nearly double that of the oxide from which it wm 
formed in the hardened paint, and pending f»ke« place m^nid of 
chalking, Ihe cheaper forms of zinc oxide contain zinc sulphite, 
which blackens the paint and otherwise injure* the eating 

W ffypsum, barytes, or silica are used fur the adulteration they 
lack both in covering and lighmli^rwng (coloring! i«mer, and’ from 
tieir sharp, angular, or irregular form ns pigment atom*, do not | M >ml 
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if they tin nut neltudly inereuse its tendeney towards that chango, as 
the .sharp, rough surface of tlu> paint containing those adulterants 
hidds tlto atmospheric moist lire and gases closer and longer for their 
action. (See 1 teeny of Paint and Inert Pigments, Chapter XXYll.) 

Whitt* lead unites thoroughly with the oil. Zinc white combines, 
hut very slowly; barytes dot's not combine at all. All pigments that 
contain crystals or are granular art* deficient in the light-dispersing 
power, even if they have the spreading quality. The granular char¬ 
acter of quick-process white lend is its great weakness. 



Pin. I f KfT.-et* of »u1phtmtu« ««***# cm white lend, 

Hni'hgnuMi'l tit «s»»«r * liili* HwIti wtulf' lrftU, 

J,pHi>iinii in «tuir l*»» I I rllpotiu m mm - wliili* 

The quality of the vehicle hits much to do with chalking and the 
■decay of white lend, A good liusml-oil will bet ter preserve a poor, 
or an adulterated whilt* lend, than a poor oil could tla* 1 h*s{ of white 
lend. 

Pure white lent! b soluble in dilute nitric acid, A sample treat cal 

>> !il, i i.!. k,..,... i . 1 . _ .tit.) •> ^ ..(<1 Oil., dll I o Ok Ikiti idiof tin ¥*j-* 9J t« 111 1\ 
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in the volume of the lead-atoms at each slop in tlu-ir pr<'gre>s from a 
carbonate to a sulphate that ensures a forced disintegration ot the 
coatings. (See Decay of Taint, Chapter XXVI1.) 

The cause of white-lead paint, when spread over darker etd.»m, 
deteriorating after a short period and showing dark. T not alone 
owing to the changes men tinned above, but also that the tatt\ acaD 
in the oil gradually expel the earhonie arid in the lead atom*- and inrm 
a clear lead soap, through which the darker colors beneath show. 


Adulteration of White Lead. 

The adulteration of white lend under the forms of n paste or 
mixed paint lias reached a point where the multitudinous trade¬ 
marks under which they are marketed are /awVm/v of no value 
to determine their quality; tin 1 only safety lies in purchasing from 
responsible business firms of national reputation for the standard 
quality of their pvoducts and business methods. 

A late examination of commercial while-lead pastes purr bused 
in the open market resulted as follows: 

Seventy-five different whit (‘-lead push's, under 29 different trade¬ 
marks and symbols, embellished with M qualifying adjective, and 
made by 17 different manufacturers, plus l unknown iirm that 
furnished 14 different IrnuulH, were analys'd by 10 different nnnly?4.*o 
The condensed results art', viz.: 

Sixteen had no white lead in their compohition, but were mixtures 
of barytes, silica, gypsum, zinc: oxide', or whiting in »mu- probation 
of three or more of these substances. 

Fifty-nine of the samples had white lead from 1.24 per rent to 
47.G2 per cent, and averaged for all 20.35 per cent of lend. 

Seventy of the samples had barytes from Ifi.tM) ja*r rent to KtUi? 
per cent, and averaged for all 49.01 per rent. One or more of the 
above adulterants was used witli white lead of uncertain quality for 
the balance of the paste. 

In 5 of the samples silica replaced the baryte*, otherwise the 
usual group was unbroken. 

Seven tv-five < f 1,1 m hj rmilfwa 1 h ,1 


ten on 


purr white lead product, 

'PI iirl v two of (In* samples liiul hhIj of zinc in the paste from 
Kl.So to U.KN JH*r relit, averaging for nil 22.OS) per rent. 

Five samples had chalk from 2 l.HU to U.So jwr rent , averaging for 
nil IMiU jier rent. 

Wherever carbonate or sulphate of lime was used it was at the 
expense of the wliile lead, 

'Phe adulteration of nil of the brands, other than the HI that had 
no whin* lead, ranged from 00 to I t jwr rent, ami averaged for the 
f,fl pastes SO. I i«t rent. 

In 5 of the samples oxide of /me was mentioned as constituting 
a small part of the paste. Hut nothing was said about the HO to >10 
jier rent of barytes in their composition, or of n like amount of the 
othiT adulterants, nr the nmaill amount of while lea*!, 

One sample had ?* notice that $1000 would lx* paid if the white 
lend in it uu« not pure. It had no white lead in it. 

Ulie sample offered $100, niiliie conditions 118 IllmVe, It \V0« of 
the same rhanietrr, No white h ad in it. 

One sample had a fibO j*ei»ait> bu am imitation of the lend in it, 
or of the lab 1 on the park age It lmd 00 j*er rent of adulterants. 
Possibly a piece of the lai*el might have fallen into the paste Indore 
analysis of it, 

Probably the mtmve adulteration record represents the larger num- 
h*r of eommerrinl white lead and tinted color paints in the market, 
t ufoHimaleb , inont nf thnsi get juggled off. au«l generally at the 
prim* of really ftrU rlnsr* paints; but mi many j*eople are willing to 
Ik* humbugged to ?»n%r a few cents on a j»ot of paint that it may Ik? 
n mistake to enlighten them on the subject \\ hat tin* character and 
quality of the nib are that fotm an essential pari of all these adul¬ 
terated and misleadingly named rofnjM*unds, one rati readily iiuagiue, 
Sttrrlv they are r«|iiiiIJ\ deceptive and uu« liable. 

Mai/e oil in u«»*d Ire«juentlv to the amount of Jo J*er cent m thn 
grinding of paint pastes and paints to prevent them from set thug 
ill the package It i* » non-siccative oil. and while not exerting any 
materially bad influence in u paint, it** u*e wilts linswd-oil in any 
(ptiiiiiitv eats onh 1 *r considered its an adulterant, Its rust is id tout 



barytes, but zinc oxitlo covers Ucllti'i hurdles \\ 1*411 it iiihi iur 

zinc is deficient in. Some muster painters advocate (lie use of barytes 
for the reason that it brightens chirk colors umt saves oil; Imi ignore 
the fact of its darkening light colors, also ils tendency lo \ellow them 
from the sulphur demonl. in ils composition uml its general delieieury 
in covering power. The advantages in any case do not warrant the 
use of from 50 to SO per cent of this or any other sub-tutu-e which dot-, 
not unite, with the oil, and of themselves are unlit tor a paint. A'- a 
rule, no responsible paint firms will offer stteh paint s under their own 
names. 

Zinc oxide is often mixed with while 1 loud for other than ndulfera- 
tion purposes. . 11 , is added to eorreel (he teudemw of pm«- white 
lead to turn yellow from (lie notion of sulphurous fume < m the at 
mosphere. It makos the paint In inter, and pnssibh present > eh.dt 
ing” to somo extent, as there is not so ninelt lead lo ehalh, hut add . a 
tendency to pool on outside exposures a result wur<r than ehalhinr. 
It is difficult to get a homogeneous blending of the two piemens . u 
individually unlike, in ehurueter, owing to their different pi un-'. . 

of formation. Their meelmnieal association R far unlike that ot a 
neutral whole,oven with (he host of supervising care in blendum them. 

Many of the (liflieullies in mixtures of while lead and . iso- oxide 
are overcomi' by the use of a natural admixture of the lend and Am¬ 
in (he form of a pigment known ns .sublimed lead ot while- paint, 
hereafter described. 


Whit? Lmti I'H. Xinr t'niiifx, 

Mr. (h R. .Henderson, of (he Norfolk and We-Uetn Uniitond, 
reports a series of exposure- tests to determine the efhen-mw of lead 
and /me paints, l'or the* different materials he tem-hes the ]■ ijl<ovuu r 
results: 

“Tin, The best results Were obtained with tin- dm? roat *4 «htte 
lead and second coat of v/lut e y.inc, l he second c* ait mg «4 /me |»<i\e 
generally the best results, and llu* second coating of lead t hi- 

“ Galvanized Iron, The same remarks apply So gals atii/.ed it»m 
that are given for tin. 

“Sheet Iron. The mixture of mu-third white /hie ami two thirds 



umltcr whether the priming mats wen- white lend or white zinc, or 
mixed lend und /.iue. The lend second routing showed Up tlu* worst on 
this material. 1 mi iu eurh him* where the second eoat was of zinc, 
totally or partially, the paint wax iu a perfect condition. 

“ Whitt I'm *. The remarks made relating in poplar apply to white 
pine al-’O. 

'■ Y tiltin' Pin*. This material to He diilirult to properly treat 

with paint.”; the liext i exults were uHtained with the first eoat of lend, 
and the second emit of lead and /iue mixed. Where the first eoat was 
of lead and /iue mixed, or entirely of /iue, the results were poor 
throughout, which mitiio to indicate that as a general thing the lead 
is lietter h*r priming mi this material. 

" (‘ttmlunutn The lead pinning und /iue coating is generally good 
for tin, gaUani/.cd umt, poplar, and white pine. Sheet iron showed 
up 1 test with Hotli coats of mixed paints. \ elluw pine apjieured best 
with tIn- lust eoat of lead and the second coat of lend and zinc mixed. 
('outputmg the mate!ml* which writ- painted, we find that generally 
poplar retain” the paint lietlei than while pine, and would, therefore, 
1 h* preferred for siding on building*, etc, \ elloW pifie seems lo lxj 
the wor*t of all f«»i l hi* purpose. Itlnrk iron, as a whole, Heel us to 
retain the paint It**!ter slum either tin or galvanized iron.” 

T<t’4n jttr Whitt 

There are nmuv tests for the piiritv of white lead, a simple one 
being to put a globule of the paste or dr> jtowder in n cavity formed 
in n piece of charcoal, and exj«»se it to the heat of a common blow¬ 
pipe, readih ex lei upon zed in am shop If *<\en }U per rent of adul¬ 
terants are present it will tiol !*** |Mtftf>ibSe to liielt the mass. 

White lead »•. tilled foi ban lr* h\ dilute nitric acid, in which 
bttrvlm i» insoluble, w Inle fbe win!*- lead passes completely into the 
fioltttimi. Whiling and chalk are detertn-d lu tin* nitrate solution 
vieldiug a white precipitate with oxalic *»r Milfdinrir m id or oxalate 
of uuuuouia. after ten iug l«*en I u-uted with sulphtirHte* 1 hydrogen or 
ti hvdrosnlplmret f»» ll»row d«wv u the lend. 

White lead dim«*Hr?. with effiTu-sreiire In hot hvdroehlortr acid a» 



Substance. 


Conduct towards 


Heated before the 
Blowpipe. 



Muriatic Acid. 

| Caustic Soda. 


Whiting or chalk 
in any form. 

Soluble with 
effervescence. 

Unchanged. 

Becomes incan¬ 
descent and turns 
tumeric brown 
after cooling. 

Commercial white 
leads. Pearl and 
other whites. Car¬ 
bonate of lead, etc., 
quick-process leads. 

Soluble with 
effervescence and 
deposition of 
small crystals. 

Soluble with¬ 
out residue, or if 
of poor quality, 
80 per cent will 
only be dissolved. 

Coating formed 
on the charcoal 
is citron-y e 11 o w 
while hot, sulphur- 
yellow when cold; 
is easily fused with 
metallic beads. 

Pattison’s white 
lead. Lead oxy¬ 
chloride. 

Same as above. 

Same as above. 

Same as above. 

Zinc white or 
oxide. 

Soluble, no ef¬ 
fervescence. 

Soluble with¬ 
out residue. 

Yellow while 
hot, white when 
cold. 

Antimony white. 
Antimonious-a c i d 
pigments. 

Same as above. 

Same as above. 

White, easily 
volatilized, me¬ 

tallic globules 
which give off 
white smoke. 

Bone-ash, Bone- 
black. Phosphate of 
calcium, Ca 4 (P0 4 ) 2 . 
(Basic steel furnace 
slag.) 

Soluble after 
heating. Effer¬ 
vescent at first. 

Unchanged. 

Unchanged, but 
becomes incandes¬ 
cent. 

Barytes, Blanc- 
Fixe, mineral white, 
and other pigments 
of the native sul¬ 
phate of barium. 

Unchanged. 

Unchanged. 

After ignition, 
if moistened with 
muriatic acid, 
gives off sulphur¬ 
etted hydrogen 
vapor. 

Gypsum (Hy¬ 
drated sulphate of 
calcium). 

Unchanged. 

Unchanged. 

Incandescent, 
like barytes. It 

heated m a tube, 
gives water vapors, 
etc. 

China, pipe, pot¬ 
ters’, and other 

Unchanged. 

Unchanged. 

Incandescent, 
same as barytes 




































lead, and the mass is allowed to stand a few hours, the temperature of 
the mass becomes so high that the oil is carbonized and colors the mass 
dark or even black. All white-lead paste is liable to turn brown if 
exposed freely to the air, hence should be kept closely covered, or 
water be kept on the paste when the package is opened. 

Gmelin states “That the ‘Old Dutch Process ’ white lead diffused 
through water, under the microscope appears as non-crystalline, 
round, and oval globules, .0001 and rarely .0003 or .0004 of an inch in 
diameter, while in the quick-process leads the globules are distinc¬ 
tively larger and more transparent and crystalline.” 

Dry white lead is tested by heating 100 grains red hot and stirring it 
for a moment. Its loss in weight by driving off the carbonic acid should 
be from 13 to 16 grains. If more or less loss is incurred, the lead is 
probably adulterated, and should be submitted to further test to deter¬ 
mine the character of the adulterant, as shown in the table opposite. 

Sublimed Lead , PbSO 4 . Specific Gravity , 6.258. 

Sublimed lead is a by-product obtained in the smelting of non- 
argentiferous lead ores. It is known in the trade as Joplin lead, from 
its place of manufacture, Joplin, Mo.; also as Picher lead, from the 
name of the manufacturing company. It is made in two colors— 
white, suitable for all purposes that the hydrated carbonate of lead 
is used for; and blue, which is a preferable color when used as a paint 
for iron. Both colors are used in the manufacture of india-rubber 
articles. The chemical composition of sublimed lead is sulphate and 
anhydrous oxide of lead, both amorphous; the good qualities of the 
white are also present in the blue-colored product. There is a small 
percentage of zinc in the Missouri lead ores, which in the process of 
smelting is converted into zinc oxide and is found in the sublimed-lead 
product, as may be seen in the analyses of a sample of the white 
product given on page 84. 

The blue pigment owes its color to the lead sulphide and car¬ 
bonaceous matter from the bituminous coal used as a fuel in the 
smelting-furnace. 

Sublimed lead is prepared in special furnaces, the process being 
patented and known as the “Lewis and Bartlett Bag Process for 
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metallic, constituents of the galena art* and "fume.” The latter is 
drawn of! by im r\lmu*t-fnn through a settling-chamber to a 
bag-honne whis'h contains a large number uf woollen bugs for 
filtering the fume mil s»f the combustion gasi's. This "fume” is a 
lewbeolored, iuijml(mble jsowsler kiimvn a,*! “ blue (niwder." It is 
ignited and ullownl to burn fur several lamia, which converts it into 
white coherent crusts. These crusts, with Hume oxidized urea, set- 
tliug in the flues and hearth slags, are next charged into a special 
furnace and exjwwed to a very hot coke firs*. The products of this 
smelting are pig lend, slags poor in lend n» waste* material, and the 
”fume,” whirh is now a jwrfeeth while impalpable pigment suspended 
in the air. This is drawn through a aeries of cooling flues, where a 
further purifieution lakes pines*, a part of the product nettling and 
carrying slown small sjimitiiiies of any impurities that have eHcajH'd 
the action of the heat. Tin* sublimed lend is now arrested by forcing 
the gases ami least intis strainers of fine textile fabric, when* the gases 
eseajv hy filtration, Tin* sublimed lent! in taken from the strainers 
and is ready for the nmrkii. 

'l*he process assures a more intimate combination of the vaporized 
atoms of ths* Semi ami zinc to form a neutral whole in which every 
atom is approximately of tin* same* plivdenJ character and etjually 
nfTertesl by any s»f tin* causes that injurs* a paint, than is possible 
in a pigment formed bv a rhnin of partly eheiuirai ami partly meelmni- 
oul o{H*rations aeting upon u uumU*r of sepnrnfe sulMtunees at different 
Kluges of the usnuufni’f string process, Sublimes! leiul 5s absolutely 
free from soluble uriils or sulphur, is amorphous, iioii-eryatulline, and 
fine ami sunnith in tin* rharneter of its atoms. Being a pyrogenic 
formed substance, it is nut a fleeted by ln-iit or deleterious gases of 
the atmosphere or omuufaetorien; does u»«s turn gray on long exjMi- 
»Ure to ills* sunlight, and nut liable t«» I’lsalk like rorrodial white leas). 
Though it dries firm aud of alums? jvorv hardness it s|sh*s not blister, 
e.rus*k, ainl jn*el like the oxisle of /due or mixtures of zinc oxide and 
corr«*ded white lend. It Is elastic, mixes tlioroughiy with the oil, and 
dries well without an excessive um* of «lriers, either metallic or liquid. 
Bound for jsitmd it rover* 1 letter than white leml, and keefw Its color 
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paint shows decay, the coaling can lx* reptwilou without removing 
the old paint. lOither the white or him* product* of »ut»limed lend 
will take a tint more uniformly than in jHwdble with mi\ mixtures 
of white lead and zinc, oxide incorporated by the usual grinding pme- 



Fio. lB.—SubUracd lead. Pin. 10. Pun* white 

The cuts are reproductions from a photograph «*f » picket fence, 
each alternate picket being painted with the diflVsrnt tenth »? the 
same time and by the same painter, using ttic tmuir »*tl h ihiimer 
for the pastes, and the same driers, a sej inrate brush Whig nm A with 
each paint. Three coats of each paint were applied, each Wing 
allowed to dry thoroughly hard Wfnre the next runtime wan »ptmd, 
After an exposure of three yearn ami one month the ph..i..gispin 
were taken. The cute are magnified ten time*, The rWiiiirnl n-nr- 
tion between the corroded white lend and the oil tomtom n lend »r 
paint soap is clearly apparent. 'Hu* shrinknge »f sW ptont •«,«,« 
has caused the coating to crack. Moisture hm entered find h*,«rtird 
the bond of the paint to the covered surface, while the »uhihlr timr 
acter of the lead soap has caused the whole coating to and 





tne moisture, ana tne paint is hlui unniy oouueu in me wunu; me 
streaking being due to the running down of the road dust- when wet ted 
by storms, no crazing being noticeable. 

Fig. 17, sublimed lead, and Fig. IS, pure corroded white lend, are 
two-coat applications of the respective paints on a Well-seasoned 
board after an exposure to the atmosphere for three years. 




associated with it. 

Zinc forms but one oxide, ZnO, compost'd of zinc N0..TH per cent 
and oxygen 19.650 per cent; specific (jCimty, fvii. 

Zinc oxide is produced by two methods: Kiwi, by (he oxidation 
of the metal (French process), whitdi gives a more dense and harder 
pigment than that prepared by the. second method the sublimation 
of zinc ore (American process). The product from the iirnt process b 
preferable for straight oxide-of-aine. paint; the second is better for 
use in combination with other pigments, both varieties grind and 
mix better with poppy-seed oil than with any other vehicle, and man 
ganesc-bovate drier should boused in preference to lead driers, which 
are liable to blacken the paint mi exposure. 

In both processes the zinc is reduced to a vapor by the furnace 
heat (about 850° lb), and is exposed to a current of air that changes it 
to a flake, filament, or needle form, according to t lit' care exercised in 
the process. Some of the particles of (he metallic zinc tire apt to be 
carried over in the vapor unchanged, mixed with the thorns of carbon 
from the reduction fire. These otirbou-ulnms lend to give n gray 
color to the product, while the metallic-zinc particles are subject to 
an attack from the carbonic acid in the atmosphere, forming the /ine 
carbonate (ZnCO u ); this latter change occurring in the pigment sifter 
it is mixed into a paste or paint. 

The French brand of zinc oxide (La Vielle Montague Cod U the 
host in the world, probably, duo to the purity of the metallic zinc, 
the care exorcised in its reduction, and by the use of poppy-seed oil, 
with which the oxide is ground immediately after its formation. 

Most of the American zinc ore eonlttius lend, tin, antimony, hi- • 
muth, silver, etc., the oxidation of which in the reduction funnier 
produces white pigments, but they tire till blackened by suipimiotm 
hydrogen, which affects the quality of (he zinc product, and aid- m 
setting up the electrolytic action Hint till zinc substances are sen b 
tive to, as before stated. Sulphur is also present in many zinc ores, 
and causes a yellow color in the oxide, 

Ilislort/ of Zinc Oxide. 
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n um not conn* uno general use against, wane lean. 

In IS'14 Leclair, a Frenchman, made zine oxide and founded the 
La Vielle Montague Zinc Co. Leclair died in 1X72. lie received a 
gold medal from the Society for the Kncouragenient of the Arts, and 
wan decorated with the (irand Crons of the Legion of Honor for having 
improved the practice of painters. 

Leclair dhijnixvd the fact, of the use of zinc oxide jus a pigment. 
11 is product was always sold ns white lead, a precedent that mixed- 
paint manufacturers of the present day follow hut too well if the 
analyses of commercial white leads given in Chapter VI are any indi¬ 
cation. 

The Leclair process consists of volatilizing the metallic, zinc, in a 
retort, the vapors as they issue from it being mot and mingled with a 
current of hot air from a blower which completely oxidizes them. 
The resulting proihtels of combustion are led through a series of (lues 
and chambers, whore the zinc oxide is deposited in the form of a 
(loeculenl, impalpable white powder ready for use as a pigment. 

The American process for the suhlinmlhm of zincite ore into 
zine oxide was invented by Mr. Samuel T. Jem's in lXf>(), who con¬ 
structed a furnace for effecting this purpose. This proetw was 
improved by Col, Samuel Wethercll for the purixtso of working the 
franklinitc on' front the New Jersey deposits. 

Wclherell’s invention embraced a special furnace and a process, 
'flu' zinc (ins arc mixed with pulveriznl anthracite coal, and charged 
into a closed furnace having a perforated grate, through which an 
air-blast furnish*** the air necessary for the combustion of the coal 
and oxidation of the zinc, 'rite vapors from the furnace are led 
through u number of (lues and chambers, when' the coarser particles 
an* deposited, while the line air lloaled atoms of the zinc oxide pass 
on and are collected in a number of (ine muslin bags, thmugh which 
the coiulmstiou gases lilter away to the* atmosphere; the latter part 
of the process being similar to the Lewis and Bartlett bag process, 
used in the production of Hiiblin »ch 1 lead, described in Chapter VI. 
'Die frauklinite and zincite ore found near Mt. Sterling, N, J., now 
furnish most of the American zinc oxide. 

A1 tout -1 \ ,(KH) tons were pr* winced in the Cnitixl Stales in 1000, 
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color and quality of zinc oxide. In Prance its use has almost, »upor 
seded white lead for interior house-painting, the (lovernmenf pro 
hibiting the use of white haul for t his purpose. 

Zinc oxide made from the ore is used more 1 extensively than that 
made from the metal. The hitter not only dries harder and is 
more brittle, but on large surfaces tin* difference in the whiteness 
of the coatings is very apparent and in favor ot tho mineral oxide. 
Zinc oxide mixed with water (.ends to enlloel in lump- nr mu.-Mv-.. 
It should bo thoroughly dry before being ground with the oil. It 
docs not unite so thoroughly with oil ns lead or iron pigments, 
nor dry as quickly. 

One-third of one per cent of litharge, added to the linseed-nil 
in which zinc oxide is ground, renders the paint more elastic and 
less liable to peel. 

Mixtures of zinc oxido, while lead, and ground -ilex barytes 
in the proportions of about one-third each, prove \er\ durable in 
southern climates and seacoast exposures. The siles, give-, body 
to the paint, but beiug transparent, dot raids from it-, coloring or 
covering power. There is less while lead in the mixture to saponify 
with the linseed-oil to form a lend soap that is tpiiekh un-hed away 
by storms. The oil also dries out and the while lead i- rendered 
liable to chalk. Such coatings cost less than pure white lead, are 
more bulky, and by a little extra labor on tin* painter'-, part run be 
made to cover more surface than white lead and /itie oxide, and 
they save oil. 

Zinc, oxide 50 per cent, white lead 25 per nail, and Plane l ive* 
25 per cent, also stand southern and seaeoast exposures better than 
white lead alone. When the above mixtures are used <>u wooden 
structures the barytes and silica net- as Fillers in the Him coat, and the 
percentage of either substance can be greater than in the other mat-. 

Pure zinc oxide is a pure white pigment but little affected bv 
sulphur fumes, and does not yellow the oil with which it is ground 
or mixed. It is of itself a good drier, and is used in the preparation 
of kettle-boiled oil. When if forms the principal pigment in a paint, 
other driers are detrimental, as the coaling has a tendency to harden 
upon the surface only, and remain viscid below and pn*l rendilv. 



must' l-hciv is less lead in il. nnd the atoms of <*ach tiro bettor coated 
with lho oil from the larger quantity of if necessary with flic /hue 
pigment. Mixed-zinc oxide tuul white-lead coatings any, in general, 
more durable than either coating alone, provided both the pigments 
are puns As zinc oxide costs more than white lead, the adulteration 
of it is quite us general, and with the same substances. (See Chap¬ 
ter Yl.j 

It deteriorates by long keeping and loses much of its covering 
power, which can bo restored by healing flu 1 pigment. When freshly 
made or head'd and exposed to moist air, if change's, by absorbing 
carbonic acid, into the earbonufe of zinc (Znl •(>„). Painters say 
"it Hpnilx'' and guard against this change by closely covering or 
sealing it, or mixing it at once' inlei a paste* eir paint, where the oil 
protects it, except those' particle's that lie upon the surface. The 
carbonate of zinc so formed is crystalline 1 , loses de'iisity, and hank'ns 
so that it cannot lit* pulverized or ground without extrema* c'fforf. 

In this change Si parts of zinc oxide (Zu()), eompeised eif zinc 
NO,It! l per cent, nxygt'ti 10,05(1 per cent, spc'cilic gravity 5,-l2, ctirro- 
spouditig volume 1 1.0, are chaugt'd to equal 125 parts of the carbon¬ 
ate of zinc (Znny, com poses 1 of zinc 52.152 pe*r cend, oxygen 
:{S.2TS per cent, curlxm U.500 per cent, specific gravity 4.TI, veilume 
2S.1. 

This chemical change*, attended by so large an inert'ase in 
volume (nearly double), if it takes place* after the oxide has been 
spread us a paint, tla* whole (’emting will lit* loosenc'd, and the* loose 
particles will be carried away by storms; the* art ion being similar 
to that which would occur should the sand mixed in the mortar of 
a plasters! wall, when dried, change its veihuut* to tlie same* de*groe. 

Zinc oxide is therefore not a permanent paint for open-air ex¬ 
posure's, hut feu* interior use is permanent; for though earbemie uciel 
is present, the moisture* is aliment, lmlh elements being essential 
for the* change* to a carlsmate*. Dry, gaseous rarlxmic aeiel doe's not 
alTes’t dry /.ittc eixide*. It is uuxtxl with white* lead for interior use 
to lessen the tendency of the white* le*ml to darken by absorbing the 
sulphure*tt<Hl hydrogen present in nearly all locations, a small 
.. ... nitf oont. Sue i coatimm are 


Zinc oxide is a hazardous pigment to use* for external exposures 
when mixed with iron oxide, lead, or other color pigments. No 
process of mixing them can so associate the* several pigments, even 
when ground in the oil, as to enable any one particle of eithersubstunee 
to thoroughly protect any particle of the others present, bom the 
changes mentioned. Atmospheric- moisture and gases will sooner 
or later reach the zinc oxide, whether in the first or other eunts of 
the paint, and the inexorable laws u( chemical change will govern tin* 
durability of the coating, the ultimate decomposition ot winch will 
be determined simply by the. amount ot y.iuc oxide present. 

Zinc sulphate (ZnSO.,) is a white pigment. aiuMs often pmdueed 
in the manufacture of zinc- oxide, the color of which is not idleeted 
by its presence, even if the sulphate is added to the oxide alleiwuttl. 
Zinc sulphate has recently been brought forward as a desirable pig¬ 
ment for ferric as well as for wooden surfaces. In t leruuuiy and 
England it is used largely in all mixed paints, and has thus fur proved 
to be very resistant to atmospheric influences in damp locations. 
Like zinc oxide and the lead pigments, Us cost is a great tact or against 
its more extended use. The commercial zinc-sulphate paints are 
adulterated with barytes, the natural composition of which is favor¬ 
able for its admixture with the* sulphate. 

Zinc sulphide is a pigment introduced by Mr. J. B. Orr. of Eng¬ 
land. Its composition is, barium sulphate 70,HO per rent and zinc sul¬ 
phide 29.50 per cent, the reactions being, HaS | ZnS< > 4 BuSt \ t ; ZnS. 
The dense white precipitate formed is highly heated, then ipienehed 
in water, and finely ground and dried. Beetnu white, Oleum white. 
Orr’s white, etc., are zinc-sulphide pigments. Brest purity of thr* 
raw materials is required to produce a purely white product. 

Zinc sulphide is largely used in the manufacture of enamel paints, 
linoleum, table oilclotliH, etc. It does not continue to oxidize 
after mixing with linseed-oil, as do lead oxides, and can be considered 
as a saturated or non-siccative compound. It does not combine 
with resin, and therefore will not saponify. Exposure affects it by 
blackening the paint if a lead drier has been used with tin* imsmi- 
oil, or a lead pigment associated with the sulphide pigment. In 
these cases a lead sulphide is formed which is dark-colored. 


Yellow Soul. Thu (Iroon Seal consists of one part zinc sulphate 
and two parts of barytes, Thu Red Seal, of one part zinc sulphate 
and three parts of barytes. The specific gravity of the Red Seal is 4.2. 
The Blue and Yellow Seals contain some zinc oxide with the sulphate, 
and a greater percentage of barytes, and are consequently deficient 
in covering power. The large amount of oil taken up by the sul¬ 
phate and zinc oxide is counteracted by the smaller quantity taken, 
up by the barytes. 

Burycosts about one-tenth as much as zinc oxide or zinc sul¬ 
phate, and a (Tonis every requisite to grade up the weight of zinc 
paints, even when a liberal amount of whiting is present, as is too fre¬ 
quently the case with most mixed pastes or color paints. (See Tests of 
Paints.) 

Green-seal lilhopone approaches closely the best brands of French 
zinc oxide, and does not require so large an amount of thiliners as the 
American brands of zinc white, and it works easier. It is unaffected 
by sulphurous gases, and does nut turn yellow when thinned. It 
will blacken if exposed to the sun before it is dry. Oils or driers 
containing lend or copper salts turn lilhopone gray; neither can it 
be used with other eolors having a lead or copper base. 

Oriflith’s zinc white, a chloride or sulphate of zine, is precipitated 
from a soluble* sulphide or chloride of sodium, barium, or calcium. 
No iron should be present. The precipitate is dried, and then cal¬ 
cined at a low or cherry beat, with careful stirring; raked out of tho 
furnace and quenched in vats of cold water, then levigates! and ground. 
It is an eixysulphieU* of zinc; some sulphate of magnesia accompanies 
the* pigment. 

A commercial zine white that is only a sulphate of zinc is made 
hy precipitating the pigment, by the* mldithm of a ehlutc solution of 
sulphuric acid, to an acetic- or nitric-acid solution of litharge. Wash 
artel tlry the precipitate* thoroughly. The* ele*ar liquor can be used 
re*pe*nte*dlv. All of the metals associated with the zine in the* litharge 
an* dissolvexl by the* nitric e»r acetic acids anti precipitatexl with the*m 
as sulphate's, and are mrline*d to blacken on atmospheric exposure. 
The* zinc pigments formed by the precipitation processes are not aa 
durable e»r reliable us those formes! hy the emulation or sublimation. 





The United States Bureau of Construction specifies one part of 
white lead to throe parts of zinc, oxide for (he paint used on wooden 
structures on the seacoast, and has lately abandoned the use of 
zinc-oxide pigments on ferric structures wherever located. House- 
painters use from 20 to 50 per cent of zinc oxide when they mix 
their own colors. The great percentage of zinc oxide in the com¬ 
mercial mixed-white paints and colors has been referred (o in Chap¬ 
ter VI. 

Adulterations of Zinc Oxide , and T<sts. 

Patent zinc white is a sulphide of zinc mixed with baryta or 
strontia. Pulton’s zinc white is the sulphide of zinc and barytes. 
Charlton’s zinc white is the same. 

In the adulterations of zinc oxide with baryta, barytie white, 
permanent white, Blano-Kixo, constant, white, etc., all of tluve Mib 
stances are artificial sulphates of baryta, and are leas crystalline than 
the natural sulphate, and cover better. Pure zinc oxide dissolve* 
entirely in dilute sulphuric, acid, leaving no residue. If carbonate 
of lime is present, it effervesces with muriatie acid, and the amount of 
this action in a measure indicates the amount of that adulterant 
present. 

Zinc oxide Licks weight when compared with white lead for paint 
mixtures. Barytes in its powdered form supplier thi* deheienev, 
but has poor covering power; it spreads well and save* oil, The 
floated barytes—a finer grade floated from the pulverized natural 
mineral—has better covering power than the ordinan brands of tin. 
pigment, simply because it is finer. Artificial baryte* or " Plane 
Fixe” frequently contains pulverized silica or white glass amid. All 
of these substances are adulterants, and add nothing to the tpiahhe. 
of zinc oxide except weight and a saving of oil that lessen* the n»*{ 
of the mixture to the manufacturer, hut seldom to the eonMimer. 

To test a mixed zinc-oxide paste or paint for adulteration.*, repeated 
washings with benzine or ether will remove the oil; then dry the 
residuum on blotting-paper. Dilute sulphuric acid complcteK dis¬ 
solves zinc oxide, leaving the adulteration or any oilier metallic base 
pigments unaffected. 

* “United States Naw Yirrl of \f. rhm <i*.. 


presoni. i no naryiox, xinoa, oie., win remain auer tne rcsiuuum 
has boon ignited. 

Uu u painted surface, slightly scratch the coating, and apply a 
drop of Hodiiuu sulphide of 100° Bnum6. If lead pigments are present 
a discoloration will follow the application of the sodium. 
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IjAMI’HLACIv. 

The carbon group of pigments comprises lampblack, mineral 
or natural asphalfum, artificial asphalt, coal-tar, and graphite, either 
alone or as a component part of the paint. 

Lampblack is the fine deposit or soot formed by the imperfect 
combustion of oil or fatty substances. Its composition varies greatly, 
depending upon the nature of the substance consumed in its forma¬ 
tion, and the care exercised in the combustion process, butty nils 
and grease yield the best lampblack. Coal-1nr yields a black of u 
brownish hue and is inclined to be oily. Resin furnishes a good black. 
If the combustion is forced if carries along some of the free n* im 
flakes, and yields a yellowish resinous black of an inferior •junliiv, 
not always free from grit and dirt. 

Gas-black, tin* soot product from the combust ion of Us dmearbon 
fuel or illuminating coal-gas, differs in molecular structure from the 
fatty-oil blacks. The giis-black particles appear to lm\e ?i .fur hum, 
and are not as suitable for mixing witli white lead or /iue whim j.,r 
tints as the fatty-oil blanks, though their color is .I.-hm-Iv opaque, 
The fatty-oil lampblack is filament-formed, and ineorpi »rut es uith 
the oil and oxide pigments better than the star or Hake formed blue!, .. 
Gas-black is also made from natural gas bunted under revoking 
cylinders, the deposited soot being removed by scraping. Huh 
proper care the lampblack so formed is nearly pure cut bon. In n 
paint coating it has a tendency to become brink*, crack, and fluke 
olf after a short time, This possibly results from u dug too much 
diiei oi tin pen title in the vehicle, us of itself it k u *di i\\ dn tug 
pigment, and adds no drying qualities to the vehicle. It :.rld*au 
appears in the market as gas-black. 

Ground soot appears ns a lampblack under various trad.* nuttt.o, 
It contains ammonia, sulphuric, and pyrnligmsms n ekk» rum- 
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on roofing material and ferric, surfaces. Willi galvanized iron or 
shoot zinc, t.lu i zinc is reduced to either an oxide, sulphate, or carbon- 
ale at Iho expense of the zinc, covering, halving the iron exposed 
to the action of the elements which product' corrosion, that is the 
more active because of the galvanic couple of the different metals. 
(Set' (lalvunizing, Chapter XV11.) 

Spanish black, or cork-black, is made from the combustion gases 
of burning cork. 1( is a good lampblack in color and texture if proper 
cart'be taken in (he process; but charred eork anti ashes are too often, 
present in tin* product for ils good, 

Jcori/’black is math' from chips of elephants’ tusks and other 
lull'd bones free from fat. It should have no lustre, as that 
indicates the' presence of unmnsumotl fatty matter. Iks use is 
almost exclusively for the preparation of the finest blacks for carriage, 
decorative, and artists’ colot's. Its high cost debars it for use in 
ferric coatings. 

I far u black, or animal black, is almost identical with bone- 
black, but. is generally in a more finely divided slate. Ani¬ 
mal refuse, albumen, gelatine, horn and hoof shavings, etc., are 
subjected to a dry distillation in a still or retort; the black carbo¬ 
naceous mass left is washed with water and powdered in a mill. It 
requires about one and a quarter its own weight of oil for a paste. 
The great- quantity of oil left in the black as it comes from the still 
is the reason for its slow drying. It is a cold, mild black, and when 
not well burned has a brown tint, dries badly, and is used for printers’ 
ink, blacking, etc., also for the cheaper grade of black varnishes and 
paints. 

Bane black, made from a poorer quality of hones than ivory-black, 
is a warm, reddish brown black. 

Drop black is an ivory- or bone-black blued with Prussian blue. 

('hntrnal-hlack is a finely powdered hcecliwood charcoal, made 
in Swisicu, and generally marketed as Swedish black. It is a pure 
black in color, hut 1ms lew covering power than the fattv-oil blacks. 

Blue-black, made' from vine-stems, is a better epmlity of elmmml- 



this black come from the condensed gases uh wool in the* calcination 
of the above substances. Many other process blacks arc sold under 
the above names. 

Almond-black is made from fruit stones, nuts, etc. it is an intense 
black, and has the same qualities as Frankfort black. 

German black is made from the combustion gases of any resinous 
matter, which escape into a long flue, at the end of which is a woollen 
or other fibre hood, that collects the deposited soot. 

English black is collected from the flues of bituminous coke-ovens. 

Russian black is made from the soot of resinous dead fir- or pint*- 
wood. It is liable to spontaneous combustion if left for a short time 
moistened with oil. 

Prussian black , Berlin black , ochre-black, coffee black, earth-black, 
lake-black, paper-black , and manganese-black are all inferior qualities 
of lampblack made by some one of the many processes, and from 
the many substances capable of slow and imperfect or smoldering 
combustion. Their color and qualities are quite us divergent us 
their names; all dry slowly with uncertain results in color and 
lustre. 

Graphite-black, or ship's black, is an impure lampblack mixed 
with an inferior quality of flake-graphite, and can be known by its 
metallic lustre. 

Coal- or shale-blacks are generally pulverised slaty bituminous 
coal. 

The trade adulterants of lampblack consist not only of those 
substances that in the process of manufacture’ are imperfectly car¬ 
bonized or vaporized, but nearly every other light sulmtanee that 
is black and can be ground to the required fitu •ness. The ei mrse mh 1 1 
and scales deposited in the chimneys and flues from the combustion 
of fatty-wood and soft-coal fires, coal-gas, mineral oil, shale, and 
asphaltum, coal-tar, etc., in the several processes of distillation or 
burning for other products, all contain ashes; also aeetie, pyroligneous, 
and sulphuric acids, ammonia, and tar to a notable extent, that con¬ 
dense in the carbon-atoms, and materially affect the color and quality 
of the lampblack. These are not always removed in the sulxw’quent 
calcination that all lampblacks require to form the mime mire 
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onl> on the surface, mid remains viscid underneath, and is prone to 
pe<'l. 

Anthracite mid bituminous coals are ground and marketed ns 
pure lampblack. They contain from S to 12 per cent of ash, also 
from -J to 2 per rent of sulphur, and absolutely have not a single 
quality to recommend their use except their low price. Prom the 
large quantity of worthless lampblack selected for the finishing 
coaling of most, of the ironwork in the New York Rapid Transit 
Subway, it might well receive a special trade-name as the “Subway 
or 'runnel black.” 

('(trbon-hluck appeal’s in the market- as hydrocarbon-black, Ameri¬ 
can gas-black, satin-black, gloss-black, jet-black, silicate of carbon, etc. 

To make a pure lampblack requires not only a proper material, 
but as careful attention to the combustion of it and the subsequent 
processes for its preparation as the manufacture of any other pig¬ 
ment. 

Pure lampblack made from a fatty oil is so finely subdivided 
naturally, that if requires no grinding. It is only ground in the 
vehicle to secure a more thorough incorporation than is possible 
by stirring it in. It is of an oily feel and nature, and In combination 
with a good oil forms a more clastic and closer-clinging coating than 
any other pigment. 

it is chemically and electrically passive, mm-hygroscopic, non- 
com isivc, and less affected by heat, light, and peeling than any other 
pigment. 

Its life in a paint coating is in a great measure exempt, from all at¬ 
mospheric influences that cause the decay of a paint, its clastic 
nature reduces the frictional clement due to the beating of storms, 
while the oxidation or decomposition of organic matter in the dust 
and from other source* is almost nil. It remains in place until re¬ 
moved liy friction or the dominion of the vehicle, and can be 
painted over without the expensive torch-burning or scraping so 
necessary with other pigment coatings. 

In some form or degree of purity lampblack enters into all of 
the black varnishes, enamels, mid trade paints that have any marked 



the form ot japans, rather than turpentine, wiui-n uaurns me umtre 
of the coating. 

Many instances are on record whore a single coat of lurnphlaek, 
like that used for the lettering ami symbols on (he old cross-road and 
tavern sign-boards, that have boon exposed for a century or more, 
are still uninjured, while the surrounding colors and in many eases the 
wooden surface of the sign have been worn away, leaving the carbon 
lettering in full relief. 

The iron-link-clmin suspension bridge over the Merriinae Hiver 
at Ncwburyport, Muss., was made of Norway cold blast iron, and 
erected in 1N10. It was painted with two coats of pure lampblack 
and raw linseed-oil over sixty years ago, and is still (HUM) practically 
free from corrosion, though in an exposed position, subject to ?.ea air 
and fog influences for days in succession. 

The use of lampblack to delay the "setling" of red lead is fully 
described in the article on red haul. It does mil, however, prevent 
the failure of red-lead coatings when (hey arc exposed to the action 
of hydric-sulphido fumes, but is not itself affected by them. 

A good test of the quality of a lampblack is to place the sample on 
a piece of blotting-paper and pour a little ether on it until the paper 
is soaked with the other, percolating through the black. If on the 
evaporation of the volatile and removal of the powder the under hde 
of the paper appears fatty, the lampblack is of poor qnnlitv. 

Animal ohniconl and bonc-bluek or ivory-black are strong bleaching 
agents, and it is possible for them to uncolor overlying c«ait jug*, The 
oil protects them somewhat from this blenching influence, but where 
long stability of color or lustre is required, it is better to use black > m>t 
of an animal nature. 



CTIAPTFR IX. 


MtNKRAL OH NATURAL AHIMIALTHM. AUTIKK'IAL ASPHALT (WHICH 
INCLUDES COAL-TAR AND ITS PRODUCTS, 1MTCII, M1NKRAL WAXKK, 
KTC.). 

Mineral or natural axphallum. Then* are 11 large number of these, 
known as Kgyptiun, Bermudez, Trinidad, Mexican, Cuban, Cali¬ 
fornian, Chinese, etc. They all vary greatly in diameter and purity, 
and arc* (ho residual products of petroleum when the light hydro¬ 
carbon elements have boon evaporated by natural causes. They 
contain vegetable and mineral matter, sulphuric and other acids 
that must be removed by boiling or distillation to render them suita¬ 
ble for enamels, varnishes, or paints. Asphaltiun is not to be con¬ 
founded with the product of coal-tar distillation, calk'd “asphalt,” 
which, having a certain resemblance to the natural asphaltiun in 
some of its physical qualities, is chemically very unlike it. The name 
asphalt being carelessly applied to both the natural and artificial or 
coal-tar product, naturally leads to some confusion on the subject. 
They are, in fact, so widely apart in all their essential qualities that 
they cannot la* appropriately coupled together as relating to the 
same substance, 

The characteristics of usphaltum used for ferric, coatings are 
hrietly given: Asphalt, bitumen, or mineral pitch, npriftc ([rarity 
1 to l .OX, softens at 170° F. and melts at 212° F. (coal-tar asphalt 
softens at 1 l/i u 1\). According to Boussiugatdt (Am, Ch. Phyx, [2], 
XIV, Ml) it is a mixture of two definite substances, viz.: nxphultnu *, 
which is fixed and soluble in alcohol; and pctrnlrnr, which is oily and 
volatile. Tin* greater part of the latter may he volatilized by dis¬ 
tilling the asphalt with water. The chemical composition of bitumen 
is: 

(’admit. ...... KT> per cent. 

Hydrogen. . .. 12 " " 

Oxygen. 2 " “ 





per cent purer than Trinidad. Samples of Bermudez analyze id .22 
per cent of materials soluble in bisulphide of carbon, A large amount 
of these materials is also soluble in ('(her, showing that the bitumen 
contains largo amounts of polrolone. 

Pctrolene in Bermudez SI,(hi. 

“ “ Trinidad SIMM. 

Egyptian asphalt is the purest of all the varieties of asphalt, but 
is not procurable at present in commercial quantities required for 
pavements or paints, but is used in the liner qualities of japanuM 
or enamelled wares, baked coatings, varnishes, etc. Samples of it 
frequently analyze 99.5 per cent of soluble matter. 

Asphaltum yields by dry distillation a yellow oil, eon*i*ling of 
hydrocarbons mixed with a small quantity of oxidizes! matter. It 
begins to boil at 90° C., but gradually rise's to 2o() H giving oil* of 
specific gravity during the boiling, viz. from 1)0° (\ to 2(H)” specific 
gravity = 0.817 (at 15 s C.); that which boils between 2(H)" (*, and 2oU" 
C., specific gravity*0.808 (at 15° (’.); both portions giving by analy¬ 
sis 87.5 carbon, 11.0 hydrogen, and 0.9 oxygen, wbieh is nearly (lit* 
composition of the oil of amber. 

These asphaltum oils, treated with sulphuric acid and then washed 
with potash and subjected to dry distillation, yield u number of oils 
which are insoluble in water, or strong nitric acid, and are but little 
affected by strong sulphuric acid, hut art' very soluble in alcohol or 
ether. 

Asphaltum has no metallic base, and can be classed as a gum or 
resin, hence blit a small amount of it can be incorporated into un oil 
vehicle for use as a paint. Bisulphide of carbon and benzine ummlly 
form a large percentage of all vehicles in asphaltum paints. 

The principal merit of some of these paints consists more in the* 
name than the quality. If it is once considered that only nUmt in 
per cent of asphaltum enters into the composition of the well-known 
street pavements, and that so little quantity as this amount, however 
it may govern the other constituents of the paving compound, lot* to 
be put in place or applied hot, and cannot be used or eorrija nun led in 
any other manner, it may be apparent that, notwithstanding the 


marked. Kven with thin small amount, and with the best of boiled 
or raw linseed-oil as the vehicle, the paint is didieulf to dry without 
th(‘ use of strong metallic salts mixed with the oil to aid its oxidizing 
or drying quality; and if a quick-drying .paint, is wanted, these! oxidiz¬ 
ing materials are addl'd in such amounts its to materially affect tho 
lift* of the paint. 

When flu* color of the paint is other than black or steely gray, it 
navy be doubted if any asphalt will be found present, under the closest 
analysis; and the red and brown colored samples will be found to 
roly almost wholly upon oxide of iron as the base of the pigment, 
under whatever mum' if may be masked. 

(iilxonilc, a mineral resin associated with natural asphaltum, is 
used largely as tho principal pigment in these paints, (lilsonite, 
asphaltum,petroleum,onnnol and bituminous coal and shall', all shade 
off info t'acli other so gradually, and form so numerous a class of bitu¬ 
minous mineral substances, that if is ilidicult to determine' fhe'ir exact 
re'lations. The fluid I'li'iueiits of the* hydrocarbons evaporate, and as 
the 1 heavier portions solidify, they oxidize with a loss of hydrogcni, 
and change until over a htmdml different bituminous mineral sub¬ 
stance's can be di'te'nniue'd freuu the hydrocarbon group. 

'I'lii' gi'iieral composition of the numerous class of pe'troli'iuns, 
afti'r the ewuporalion of the lightest hydrocarbons by nature in the 
form of natural gas, is, viz.: 
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Coal-tar is a generic. t('rm applied In those bitumens winch arc 
extracted during the destructive distillation of bituminous coal for 
gas or coke. Commercially, t.lie name is also applied to wutet gas 
tar. The nature of the tar varies with tin* nature of the coal, and 
with the processes employed ui its production as a waste product in 
the manufacture of gas or hard eoke. 

There is no known method of describing accurately the true coin 
position of the. coal-tars. No two are identical in even reaped, 
although many are identical in ('very essential respect \nriutiou-. 
also occur from the admixture with the coal in process uf distillation, 
of greater or less quantities of oils of various kinds, used for the pur 
pose of enriching the gas. The tars vary in the amount of bitumen 
they contain within the limits of (it) to 1)2 per cent; also vary largeh 
in the percentages of oil which they contain, and in the qunlit \ ot the 
oil. The noil-bituminous matter in the tar is geueraih carbon, 
which is synonymous with lampblack, and was, of mtiN-, a h\dn> 
carbon before the hydrogen was eliminated by combustion. ( bul 
tar cement, or asphalt, is a residin' from the distillation of coal tar 
Its hardness or flexibility is due (o the percentage of the oil left m it. 
and may vary from Mi per cent, in one ijuality of coal tar to .72 per 
cent in another. One per coni of oil taken from mu* coal tar util 
produce a greater hardening elTcof than 1 $ per cent taken Mom 
another tar, and the degree of heat, necessary for distilling n|T the 
oil may vary from 200° to (i()()° 1«\, even when supplemented bv 
mechanical agitation, or by blowing superheated at earn or air info 
the still during the distillation process. 

The average analyses of a large number of samph •h nf coal tar 
from coal-gas retorts gave for a •Ithgallmi barrel, niunjir i n\ 

1 . 10 : 

gals., or 3.75%, of light oils, consisting <»f licu/jilc, naphtha, mat milmhe ;t« nl 
9| gals., or 23.75%, of heavy oil, consisting t»f creiotite-uil him I i-n 

29 gals., or 72.5%, pitch. 

Boiled in open kettles, this far should he reduced irom 1." per 
cent to 25 per cent, according to tin* duty required of it, The tar 
resulting fiom the distillation of petroleum nils for water-gas is of 
a decidedly inferior quality to that, obtained from gaa-coni■*, and is 
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bettor adapted fur coating the cruder forum of wood constructions, 
piles, duck-timbers, fence-posts in the ground part, than metal-work. 
But this same uil-lar, if distilled at heats from (H)0° to S00° b\, 
forms a pilch of almost adamantine hardness when cold, and resists 
almost all corrosive agents and solvents except those of the hydro¬ 
carbon class. 

Analysis of a by-product coke-oven tar: 
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When the concentration of the gas coal-tar is carried to the 25 
per cent or .’It) per cent stage, tilt* product is comparatively odorless, 
or at least is not any more objectionable than that from oil paint, 
the pungency due to the light oils and carbolic acid being dissipated. 
In the distillation of coabtar. until the final residuum of coke 
is reached in the still, there are no constituent oils derived from 
the process that do not gradually volatilise by the heat of tin* sun 
or approximating temperatures; and all coal-tar or hydrocarbon 
products suitable for use in. or iw paints, also become fluid when 
exposed to heat; in fact, but few of them are applied in any other 
condition than while lmt. They an* all liable to run on vertical 
or slightly inclined surfaces, until by evaporation they are ho att- 
vuured on the road to brittleness that they solidify, and hy a little 
further progress in the same direction they liecome brittle and scale 
tiff on the least mechanical disturbance. 

In the production of an ordinary standard nailing-pitch from a 
coke-oven tar, the distillation ran, vi/„: 








150° to 170° lb 

Analysis of a simulat'd emil-gas 

Carbon. 

Hydros'll. 

Nitrogen. 

Oxygon. 

Ash. 

Volatile'- sulphur. 


nr (speeilie gra\ it \ l. 2 11, 

.. Ml 21 per relit 
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Itltl (HI " 

Tn coin! ms lion it gave British thermal unis lh,7M. Kvup.ualtve 
power from and at 212° t. 1 (i.-l pounds oi uaiei. 

Analysis of water-gas tnr from gas-oil (speeitie muwt> I ldt. 


Carbon. ‘ r ~ 7(1 l"’** rr!!t 

Hydrogen. It 1.5 " 

Nitrogen. {1 11 

Oxygon. *' 1,1 " " 

Ash. ,nirr 


Volatile, sulphur, 
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Tn combustion it gave British thermal unit*' 17 !!>:$, K\ uporutm 
power from and at 212° lb 17.S pounds of water. 

In the distillation of an oil water gits tar h\ 1 it John ! \\ me 

the products obtained tit the several stages nl * lie pinee^ weie a 
follows (specific gravity of the crude tar Bl./V* Brnnne 1 1 want I ‘ 


DintUliition heat., I 1 ’. |Vn < iiOhm- <>s >lt 
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240° lb light oil. 1 2d " ■* 
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Al 400° F. tlu* distillate became heavier than water. The residues 
<>!>t uinctl at temperatures t if 550” to 017° F, wore ho ft pitch, but would 
not (low. There were from 12 to 15 per cent of free carbon in the oil¬ 
gas t ar, while 5 to S per cent are the usual amounts found in anOtto- 
Iloffman coke-oven coal-tar. 

The acids and ammonia salts in crude coal-tar must bo eliminated 
l>y boiling or distillation when used for coating ferric bodies. If 
they are not removed, tin* tar, either hot or cold, is one of the most 
unreliable and unmanageable of coatings. (See Dr. Angus Smith’s 
experience, Ompter Xtl.) 

The mineral waxes derived from coal-tar are the most reliable 
of all the coal-tar paint products. They are especially not affected 
by "sweating." They arc an intermediary substance between the 
fluid and volatile elements and the heavy ones; and retain some of 
tlu' volatile element that, ns it slowly evaporate, causes the paraffin 
to eraek badly and change its volume. The spaces between the 
tension-chord and other eye-bars in modern bridge constructions, lying 
so closely together as to be incapable of inspection or repainting to 
protect them fmm corrosion, are often filled in with melted paraffin 
as a protection from rust. 11 requires but a short period for the wax 
to harden, shrink, and crack, and expose the ferric bars. As well 
expect a cracked varnish coaling to protect the surface if covers, 
as one of cracked purullin. 



(UIAl'TKR X. 


ASPIIALTUM PAINTS AND CARItoN YAKNtHUUH. 

Aspiialtum paints are proprietary products, amt vary in romposi- 
tion and (piality quite as much as does the substance from which they 
derive their name. There is no simulant of excellence in asphalt mu 
paints. 

A small amount of some quality of mineral asphalt um m* p.ibonite, 
mixed with varying amounts and qualities of (he trade lampblacks, 
constitutes the pigment for tho numerous hrnmls of quick din tug 
paints used to blacken a large class of ferric 1 indies I ha I nerd a 
coating for appearance rather than protection from corroAou, The 
catchy name often secures llieir use on more important structures, 
where the price at which they are offered should promptly eondemu 
them before trial. 

A supposed better class of usphaltum paints nr no railed var¬ 
nishes, similar to the “ Maltha,” “ I*. A lb,” mid other trade mark 
designations, are freely marketed as superior paint products. They 
are in no sense varnishes, but. simply the above mentioned class of 
pigment substances, mixed with bisulphide of enrhon, brn/iue, and 
other uncertain hydrocarbon liquids and oils, the latter often mu. 
taining more resin-oil than linseed-oil. They are not compounded 
by heat, as all true varnishes art'. They have had an extended tiial 
for over fifty years oil important, ferric structures, naval, hydraulic, 
and other work, only to fail after a brief exposure. Wherever placed 
in competition with other carbon or melaHie-hase coating thrv are 
invariably found low in the column of merit, As a rule they spread 
easily and show well at, first., but when the volatiles have evaporated, 
especially if they have been subjected to a moderate beat tern 1 to * to 
ISO 0 I<\, they become brittle, turn brown, crumble, and are eadlv 
removed. The application of Him' paints, rout ahum* bisulphide 
of carbon, is attended with extreme danger from tire, even on external 
exposures. The vapor of bisulphide is very explosive at low tem¬ 
peratures, also disastrously injurious to the painters nr others breath- 





All account of its application to water-mains, where it resulted in 
tho insanity and death of a number of the painters and workmen 
engaged in painting and laying the pipes; also in the utter failure of 
the coating to protect the same pipes from corrosion, is given in “Trans¬ 
actions American Society Mechanical 1'lngineers,” Vol. XVI, 1895, 
Paper 037. Also in Etuj incur iny News, Fob. 7, 1895, and April 4, 1895. 

A further demonstration of the inferiority of these asphaltiun 
paints in competition with other oil paints and black varnishes is 
given in a series of tests made' by Mr. Max Tolu, Cl. 10. Tho Report 
was routl before the Society of Civil engineers, St. Paul, Minn., and 
reported in tho Journal of the- Amnu'aUou of Kiujinwruuj tiocivlicx, 
1897. It was also briefly referred to in “ Transactions American 
Society Mechanical engineers," May, 1901. (See also Bisulphide of 
Carbon, Chapter XX.) 

Asphnltum varnishes or carbon paints in winch tho vehicle is 
practically a linseed-oil varnish, compounded by heat, ami of the same 
nature os a bnked-jnpau vehicle in which the carbon-blacks anti 
other pigments are ground, are very reliable for protective coatings. 
They seldom fail under tho so verts t tests of marine or other corrosive 
exposures. 

Fom'l limnft. 



Fto, Itl. 8»*ctinn through n resin pnssnga of Abie* rvrrrten tRr> and annice-trowO. 
Tlit' cavity Up n» well n« the thin walled rells f/i>, are fillc*cl with wunl- 
(litid resin. ’I ho thick-walled cells l* contain slitrcli. 

Fossil gums or resins, under the general name of Copals, are those 



manufacture, many 01 mem possessing peculiar quumu^. i no nc«u 
are the fossil resins found in the bods of rivers nr in tht* ('artIt where 
they have lain for centuries. Tito hardness of these fossil gums appears 
to depend upon their age and the pressure that they have undergone, 
while buried. Amber is the, hardest and most, valuable of all resins. 
Only the refuse of black umber is list'd for varnish. Amber varnish 
merely means amber-colored varnish. There is no amber in the com¬ 
mercial brands. 

Copal is the next in hardness; it conn's from Zanzibar, and is 
known in the English trade as “Anhui/ 1 from tho inserts riulaMlded 
in it. Being very didicult to dissolve, if Is distillest until it loses 
from 20 to 25 per cent, when it can he dissolvent in boiling oil. There 
are three varieties of it, and many grade's. 

“ Animi” is now the technical name for the Mouth"American 
copal, and comes from Brazil. 

Sierra Leone copal lias nothing to do with Sie'rra Leone except for 
its name. It comes from the river-beds in the interior of Africa. 
It is the only African resin that will dissolve* in cold alcohol. Its 
color is not as good as the* Zanzibar or bewt Kauri, hut it L harder 
than the Kauri. It is mixi'd with the Zanzibar for hnrduew, itmdf 
giving toughness to other fossil resins. 

Other African copals are the Pebble or Pe*bble*-stom*—whirh is the 
hardest—Acora, Loango, Gaboon, Congo, Bimguulu, and three* sorts 
of Angola. 

Manila is of two kinds,—a hard and a soft; neither art* fossil 
gums. They come from the Philippine and other islands, Borneo, 
Singapore, etc. This gum can be usesl as it route's from the living 
tree like the crude resin from the American long-leaf pine. 

Dammar is a recent resin from tre*e*s not extinct, and contains 
the most water. When it forms the principal resin in n varnish or 
varnish paint, it appears le> In* always drying, hettre the danger to 
any other coating spread over it. It is the resin uml with enamel 
paints to give the high gloss oharacteristic of these* coatings. 

Sandarach is a resin yieldtxl by the lmrbt*rry-tre*eH of Northern 
Africa. It is used to a considerable extent as the? basis of spirit var¬ 
nishes. 

Kauri or Cowrie fmm i., o... 


when it has lain in the earth for centuries it becomes hard and valu¬ 
able. It is very indifferent to the action of sulphur gases, and is 
more colorless than the other fossil rosins. It is easily dissolved, 
and melts more readily than mastic, but less so than the common 
rosins. It is allied in composition to Dammar resin, and is from 
two to nine times cheaper than the other fossil resins whose prices 
range in the order of commercial quantities as follows: 

Prices pnr pound. 

First. Kauri. 10 to 50 cents. 

Second. Manila. 10 “ 25 “ 

Third. I laminar. 10 “ 25 “ 

Fourth. Zanzibar, best. $1 “ SI.25 

Fifth. Bengueln. X5 “ 00 cents. 


The general composition of all fossil or other 
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lacca, exudes a sap that the insect transforms by digestion into a 
resinous excretion (lac), with which she encrusts her eggs and herself. 
The insect is indigenous to the forests of India. The exudation of 
the sap from the lac-tree, is somewhat similar to that, produced by 
an insect or parasitic, fungus on a species of oak (the gull-oak) that, 
produces the “gall-nut" used by dyers and in pharmacy. The lac, 
when sent to market, often contains the eggs of (he insect, and is 
called “seed-lac." 

The lac secretion is dissolved from tin* twigs and brunches of (he 
tree in hot water, the solution is then evaporated on hot revolving 
cylinders, or in shallow pans, then scraped oil in the form of thin sheets, 
broken up, and forms the commercial shellac, graded generally us 
D. C. (dark colored), L. (1. (light, colored), H. (bleached), etc. 

The coarse qualities of the melted lac, when dropped into rounded 
pieces 1 to 1£ inches in diameter, an* culled “button lac," and when 
in larger pieces are known as sheet-lac nr “ piece-lac." 

The best quality is kumm-hw, from the kiixum tree (Schln'cluTtt- 
trijnga), which lasts about ten years after being stung. The twigs 
from this tree are of a light-golden color and furnish the orange .shellac; 
coming principally from Siam. The second quality is furnished by 
the dhah or pains, from the Bulat Jrtmriom. The third quulifv is 
the pipal,tnnn the Fi&cuft rvlUjiam, All of tin* lac-trees except the 
kusum live only from two to three years after being stung by the 
insect. Commercial shellacs are extremely variable in quality and 
price,. The best grade of fine Orange 1), 0. lac brings £in Pis. per 
cwt. in London; “Native. Orange," £S Uh. per ewl.; "(luruet," 
£7 8s.; “Native leaf” and “ Button," £8 Xh. to £8 (b». 

The composition of shellac is given by Mr. Halstead * us 
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A morn complete analysis by I)r. Johns* .shows that 120 parts of 
stick-lac consist of 


An odorless common rosin. 

A rosin insoluble in ether. 

(•oloring-mnller analogous to eochinral. 

Hitter balsamic mutter. 

Dun-oulorcd extract. 

Acia (laecic! acid). 

Fatty matter like wax. 

Skins of the insect and coloring-matter (the latter furnishing 

food for t.lu' grub when lmteho(i). 

Salts . .. 

Kart ha .. 

Loss. 


X0.00 parts 
20.00 " 
■l.r >0 “ 
a.oo “ 

0.50 “ 

0.75 “ 

'A AW " 

2.50 “ 

I .25 “ 

0.75 “ 
3.75 “ 


120.00 " 


Shellac. (lissolvcH readily in alcohol, benzine, muriatic. and acetic 
acids, but. not in concentrated snlplnirie. acid. It. dries solely by the 
evaporation of the solvent, leaving; the thin him unchanged, the 
only use of the solvent being to spread the varnish. When alcohol 
is used as the solvent, the varnish can he spread over damp surfaces, 
us the alcohol will fake up the moisture without much apparent 
injury to the coating, though this will he longer in drying, as the 
water must, lie evaporated with the alcohol. 

Shellac can he applied to ferric surfaces, and in under-water (fresh) 
exposures it generally will remain about two years without any great 
deterioration. In salt water, however, it will not stand a week, and 
when exposed to the sun ami air, will be destroyed in about a month. 

Knob of the fossil resins represents a class that have many varieties, 
lint none of them are coniferous. The latter class are those that 
furnish the turpentine and common resins of the present day, which 
are of the least value of any of the resins for a straight varnish or a 
pigment, varnish. Their use in a varnish is principally on account 
of their cheapness and the slightly improved brig) it ness they confer. 

Records of the protective nature of some of these varnish paints 
show that a suitable combination of linseed-oil and a resin is a better 
protective vehicle than oil alone, yet the mnalltr the proportion of 
1 tin ff mm m rhittu nf 1 hi* ttmro c/imiMf Wim 11 Ctmtintr. 

















compositions mnl quality of the varnish required to meet the condi¬ 
tions to which it is to ho subjected. Heats approximating the charring- 
point of the oil, 4f)()°-~f)()() 0 I 1 '., are necessary for u thorough blending. 

Vurnishes and varnish paints dry better if moderately warm 
when applied, or if applied to a warm surface. Manufacturers of 
pianos and other highly finished surfaces on wood subject their work 
to 200° to 250° l 1 '. to aid the drying and to harden tin* coating. 

But cheaper materials and processes than the above are employed 
to produce coatings to compote with the basic metal pigments for use 
on ferric bodies. This careless eompounding 1ms resulted in lowering 
both the price and quality of varnish paints, until many of the com¬ 
mercial varnishes fall below the average of the better class of straight 
pigment oil paints for protective coatings on ferric structures. 

For trade convenience, 1(1(1 pounds of resin an* taken for the unit 
of composition, and with this unit, 8, It), 20, or tiny number of gallons 
of oil rated at 7.8 to 8 pounds per gallon, art' eumpouuded fur the 
different grades of varnish, known us S, 10, 12, etc., gallon varnishes. 
To designate the kind of resin used, the initial letter of the kind of 
resin that is employed is taken, viz.: An 8% varnish means an N gnlli.u 
Zanzibar; an 8M, an 8-gallon Manila, and ho on, both for the Hugh' 
letters or with a combination of t.he letters. 

In the color varnishes or so-culled enamel or paint varnishes, 
where the pigments are ground in the selected brand of varnidi 
employed for the vehicle, the designated letter of the reHn in it is 
generally lost or withheld, except ns specially furnished by the 
manufacturer. 

All of these, varnishes or paints are best thiimnl with turpentine 
to the proper consistency required for the brush. It i* tetter for 
this purpose than oil. The heating of the oil and reHu together for 
the varnish has so thoroughly incorporated them, that no free oil is 
present to exert any change or action in the drying process, separate 
from that present in the coaling os a whole, and which the addition 
of free oil as a thinner would disturb. 

Benzine, or other distilled hydrocarbon liquid, should never be 
used in the composition of varnish or varnish paint. Their quick 
evaporation results in making the coating normts. and tint,l. i., 
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An essential point, in either a .straight or a pigment varnish is 
that the linseed-oil should be made from ripe seeds, cold pressed, and 
be well n^ed, and its “ Mucossilies” or non-drying elements (nearly 
(> per emit of it) should be removed, in part at least, or so changed 
in character as not to be readily decomposed in the natural oxida¬ 
tion of the vehicle in the process of drying. 

Diiujlnt'x Journal reports the experiments of I)r. Saco (Nurem¬ 
berg) to ascertain the nature of different resins, viz.: Amber, copal, 
common resin, dammar, elonmi, caramba wax, mastic, shellac, and 
sandarach. All of them wore reducible to a powder form. Amber, 
elomni, maslie, shellac, and sandarach became pasty before melting, 
th(> others became liquid at once. Amber and dammar did not dis¬ 
solve in alcohol. Copal became* pasty, elomni and zarmnba wax dis¬ 
solved with dillioulty, while common resin, mastic, shellac, and san¬ 
darach dissolved easily. Caustic soda dissolved shellac readily 
common rosin partially, but. hud no induonoo on tin* other resins. 

Oil of turpentine dissolved neither amber nor shellac; if swelled 
copal, dissolved caramba wax, common resin, dammar, elonmi, and 
sandarach easily, and mastic very readily. 

Boiling linseed-oil had no effect on amber, caramba wax, copal, 
elomni, or shellac, while sandarach dissolved slowly; common resin, 
dammar, and mastic dissolved easily in it. 

Petroleum ether had no effect, on amber, copal, and shellac, and 
was a poor solvent for caramba wax, common resin, elonmi, and 
sandarach, and was a very good solvent for dammar and mastic. 

Benzol dissolved common resin, dammar, and mastic very easily, 
olenmi and sandarach to a limited extent, caramba wax more readily 
than elonmi, lint had no effect upon amber, copal, and shellac. 

Though gums and resins an* generally spoken of as belonging to 
the same class, they are distinguished from each other by the solu¬ 
bility of tin* gums in water and the insolubility of the resins in the 
same liquid, The gums are insoluble in alcohol, while the resins aru 
soluble in it. The so-called gum-resins are soluble in both water 
ami alcohol. 

M'l i, T 'mini J nun nt /<*/•)> f t jitiilnnt I 4™ 14 lOftl n IK 
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intermediate product between the gums ami resins, whieh invariably 
consists of twelve molecules, allilinlmg with u linuxiu,” the highest 
oxidation of linseed-oil. Ur. Kronslein produees an artificial resin 
identical with fossil amber, both in color and hardness; also has 
advanced his theory aud process by producing the soft resins and 
balsams. 


CIIAPTFR XI. 


HAKKD-JAPAN COATINUH. 

For special hieatkms and ft^rric emnstruetions, viz.: rive* teal-steel 
water-pipe line*H, anchor-and e*ye*-bnrs, laUieu'-trusse's, posts and beams, 
covering- or buckle-plates walk'd in or burk'd in masonry, and inac¬ 
cessible for inspection, repairs, or repainting:, a special coating called 
“baked japan” is being tested in a number of locations, the most 
prominent of winch is a number of miles of steel water-pipe mains, 
30 to 50 inches in diameter, riveted info a continuous length. 

The process of manufacture and composition of tlit' japan is simi¬ 
lar to the black-varnish products, but a larger quantity of asphaltum, 
gilsonite, and other cheaper grades of gums and resins replaces the 
finer qualities of fossil and other resins. If is applies! by immersing 
a hoi pipe or other article in a hot bath of the compound, and upon 
removal from the bath and draining, baking it for a regulated period 
in an oven or mullle kept at an even temperature of 350° to 500° F., 
according to the size of the* object, to be* coated, the composition of 
the japan, and the service* ivquireel e>f the* feinting. 

it fills all small interstices in the* obje*ct, is elastic, will follow with¬ 
out strain all change's in tempe*rnture eif the body (mated, is perfectly 
impe*rvious to utmosplmric inflmmccs, running wate*r, brine*, ne*i<l, 
and alkaline* and sulphur sedations, that affe*c< tin* ordinary oil-paint 
(matings. Its ceist pe*r sejuan* vanl of coated surface is naturally 
much greater than any brush coating, nnel will vary according to the 
emuditious eif its application. Its durability or life may be* anywhere 
from ten to fifty time's that of the* ordinary oil-paint coating exposed 
to the* same* influences, 

The composition of such hakeel coatings (nnel there are scores of 
them in practical use) appears to 1 h* eif less importance* than tludr 
proper proportion, and the* care uses! in thedr eennbiimtion, applica¬ 
tion, and final baking. It is reason aide*, howeve*r, to expect that a 


enocs tending to produce any other change than is subordinate to 
the original one that, dried the coating. 

Baked-japan coatings, from the nature of tlicit ingredients, are 
electrically passive, except to currents of high potential; hence it 
remains for time to determine whether tlit* stray electric currents, 
now a fruitful source of electrolysis in all ferric bodies that lie in the 
pathway of their return to their place of gem-ration, will not lind the 
rows of rivets that unite the several soelions oi the underground 
water-pipe lines coaled with baked japan, tin* point* to eonreulnite 
the electrolytic energy for a rapid corrosion of the pipe *\Mrtu at 
thousands of points in each mile, instead of u hundred or so, exposed 
in the usual spigot and bell method of joining the pipe*. The elec¬ 
trolytic action at the rivets will lx* hastened by the dilleicure in poten¬ 
tial between the rivets and the pipe metal both of which are of 
different potential from the japan coating. The hru.-di paint coating 
applied to the rivet-heads will afford hut little if any protect ion ngainM 
corrosion or electrolytic, action, as they will take place underneath 
the coating, and will require lmt a small development of either before 
they cast off the paint, and have an easier held for their pi ogre* -.. 

Another source of corrosion which these joints can re-in but a 
short time is the action of the acid elements present in all earth*. In 
the c.ase of these water-pipe lines exposed for miles to a great number 
of strong electric, currents, the ordinary rate of eoiro*iou fioiu earth 
and water will be intensified, as in the water tower stand pipe ea-e 
cited in Chapter XXXIV of this volume. 

While the baked-jupan coating of itself leaves but little if nnv 
room for improvement in the coating of watei main*, it wdt 
surely be a source of future regret that a better method of joining 
the short sections of pipe into a continuous line was not adopted than 
the riveted joints thus far used, 

If the brush or modified japan coating applied to the pipe eireular 
seams is adequate for their permanent protection from corn cion, 
why incur the expense of a baked coating for the body part of the 
pipe? If it is not a permanent protection for them, then, a* a chain 
is no stronger than its weakest link, there must he a great number of 
weak links in this method of constructing and nroteefm! wafer-nine 



once* net ween a goou ana a cnui pum oi joint, c.onslrucuon to lx* a tact or 
in determining which lo use. That a ntiinlu'r of Amc*rio.an cities 
have* this bud joint is evidenced from trade catalogues and other 
illustrations of this method of constructing large water-supply pipe¬ 
line's. 

The question has been mist'd as to whether the baking of the 
coating effects any further chemical union between the* oil and the 
other constituents of the dip, other than that developed in the* process 
of manufacture? it, iH probable that if does, as the baking tempera¬ 
ture is materially higher than that, in flu* process of manufacture. 
The* pipe-coating material before baking is readily soluble' in turpen¬ 
tine, but. after baking is not softened by prolonged digestion in hot 
turpentine, and but indifferently in hot naphtha. The preliminary 
healing of flit* pipe* before immersion in the hot-pipe dip assures its 
adhesion and impermeability, as the* air and moisture are practically 
excluded and the preliminary bond of the coaling to the metal is 
perfect. The evaporation of the volatiles in the japan dip in the 
process of baking is so quickly effected in the earlier stage* of baking, 
that the liquid or fused mass of the resins readily replaces them and 
tills the interstices caused by their evaporation,and ensures a smooth 
unbroken surface to the coating altogether different from that of a 
dried paint. 

The so-called japanned or enamelled coatings used on Howing- 
machiuoH and many domestic machines and utensils arc generally 
of (hat composition that will give the best appearance. They are 
not proof against corrosion under many exposures that would he 
resisted by a good varnish coating or an earthenware salt glay.e. Ah 
a rule they chip easily, and corrosion once established in these spots, 
spreads rapidly lamenth the enamel and flakes it off, 

A properly made enamel is essentially a gln/.e, similar in com¬ 
position and properties to glass, and lms all of the advantages and 
disadvantages of that substance. 11 is melted at a high heat, 1200° 
to 1 |(HF F., and adheres to the surface of metals |H>rfeetl>\ Knamcls 
generally resist the action of acid solvents, but arc brittle and easily 
ehipjH'd off. 

•‘The best baked japans are intermediate between enamels and 

;u*tton of solvents almost, as wel as 


In hardness, baked japan is liucnucumu' uc^rni wmwu «um w, 
or harder than gypsum and nearly as hard as marble.” * 

Baked black japans are made from linseed-oil and asphalt as a 
base, mixed with more or less copal resins, usually kauii, and aie 
thinned with turpentine. Like varnishes, the more linseed-oil they 
contain and the less driers (oxides of haul ami manganese) the more 
durable they arc; but to get them to hake hard at u comparatively 
low heat, the proportion of oil is frequently decreased as much as 
possible and the amount of driers increased, forming an inferior, 
brittle coating easily injured by a slight blow or rough handling. 

Modern baked-japan water-pipe coatings art 1 very similar in elmr- 
acter and in their application to Dr. Angus Smith’s anti-corrosive 
water-pipe coating, that forms the subject of the following chapter. 

* “Paints, Varnishes, and KmuneU" A, H. Hnhin, M.H., New York, 1MIHI 
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I)U. ANGUS SMITH'S ANTI-CORROHIVE WATER-PIPE AND OTHER COATINGS. 

This (’nm|unuul wan originally applied by Dr. Smith in 1840, and 
palnnUal in lOnghuul in 1850, and wan first list'd in America in 1858 
upon Home pipes imported from (ilasgow. Dr. Smith's original for¬ 
mula is not detinilely known. Mr. James 1\ Kirkwood's Report on 
the Brooklyn Walt'r Works, publisht'd in 1858, gave the following 
formula for it, and it was used to some extent upon the pipes for 
those works; evidently satisfactorily, for Mr. Peter Milne, engineer 
in charge of the extension of the works, reports: "That 80-inch pipe- 
mains laid for 85 years were found to be in perfect condition exter¬ 
nally, and but few lubemtles or other deposits were found on the 
inside of pipes." The pipes had been coaled by heating them in an 
open furnace to about 500° h'., and then immersing them in a bath 
formed from coal-tar, as follows: * 

Coal-tar was distilled until Ihe naphtha was removed and the 
material deodorized and of the consistency of melted wax or a thick 
molasses. This process also eliminated most of tht' tarry acids, and 
necessarily required considerable time and cure to effect. Five to 
0 per cent and in some eases H per cent of pure raw linseed-oil 
was then added and stirred in well. The bath was math' deep enough 
to receive the pipes when placed in it vertically. The pipes remained 
in the hath until they had cooled down to the same temperature, 
about 8(KF l’\, or alrnut 80 minutes for a 20-ineh-diameler pipe. 
Careful attention was given to the length of time the pijiOH were 
to remain in the bath. A less time than 80 minutes for a 20-inch 
pipe gave an unsatisfactory result. For pipes from 4 to 12 inches 
in diameter, 15 t<» 20 minutes' immersion apjieaml to be sufficient 
to got a reliable routing. 

When tlie coal-tar was distilled to the consistency of mineral 

* *' Report la relation to IVoposala made bv various parties to protect the 





pitch or bitumen, or when common resin or Burgundy pitch was 
mixed with it; and used ns a bath, the pipe coatings became hard and 
brittle when cold, and the bath material would not answer, even 
where the quantity of linseed-oil used in it was increased to 15 or 
more per cent. 

The preliminary heating; of the pipes to 500" F. before immersion 
in the bath, after a short experieuee, was found to be prejudicial, 
and was abandoned. The combustion gases of the hcatine furnace 
that were deposited on the pipes appeared to affect tin ‘'ending 
of the coating to the pipe-metal, and the pipes when removed from 
the bath were not sat is factory, and new specifications for routing 
them were adopted. 

These specifications required the same preparation of the coal-tar 
for the bath as given above, ami for it to be kept at a temperature of 
300°lb during the period of dipping. As the material was continu¬ 
ally deteriorating during the dipping process, fresh material was to 
be added frequently, and at least N per cent of linseed-oil, as near as 
could bo guessed at, kept in the bath, m* added with the fresh pitch. 
The bath was required to be occasionally entirely emptied of its con¬ 
tents and to bo refilled with new material. The old material after 
a few days' use was found to he hard and brittle like common pitch. 

Every pipe, was immersed cold, hut not frosty, ami vum to remain 
in tlie bath until it had attained the temperature of the hath, 3tHr F. 
This period was about 30 minutes for the ’JOdueli pipe, a»in the pre¬ 
vious specification. It required a brisk tire to be maintained under the 
bath to overcome the cooling action of the cold pipe when immersed. 

The presence on the pipe of moulding-sand, dirt, moisture, fio-u, 
or oil and grease of any kind, was found to be detrimental to the appli¬ 
cation of the. coating, and lheir removal was necessary before dipping. 

The royally paid Dr. Smith fur the use of his formula, although no 
United Stales patent was in effect, was 37 J cents per tun of pijn\ 

The price paid the English pipe-founders for coating the pljn-ti 
ordered from them by the Brooklyn Water Works wan $1.25 jn-r 
ton, for the years IS5X to 1KB0. American pipe-fouudei d ami con¬ 
tractors' price for Dr. Smith's coating was about j H -r ton m 

against a plain asphalt coaling of SI .SB to $2.25 per ton. 
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pcrnturo of the preliminary honlin#*: or the pipe before immersion 
varied from 200° to 700° l 1 '., and the proportion of ingredients and 
their composition was equally startling, as were also the attending 
results. 

Mr. ('1ms. Harmony, Chief Kugineer of the Louisville, Ky., Water 
Works, who experimented for a number of years with Dr. Smith’s 
formula as given by Mr. Kirkwood, reports: That, “name of the pipes 
so coated, after an exposure of from six to eighteen years, were in 
us perfect condition as when first laid; but it was an exception, not 
a rule. In a majority of eases the coating on the inside of the pipe 
was all gone, and upon tho outside surfaces it. had apparently been 
of no importance in prolonging the life of the pipe. Tin* difficulty 
experienced was. that in the healing of llie bath to the temperature 
of 300” l 1 '., the coal-tar, resin, and pitch compounds became unman¬ 
ageable by approximating the condition of boiling and volatilization, 
and going everywhere except in the place it was wanted. The coat¬ 
ing was thick and apparently unbroken, but exceedingly brittle, 
and would crack and scab' off in tlit* ordinary process of handling.” 

The tension of coal-tar and pitch at a temperature of 300° l‘\ is 
hardly less than that of water at (he same heat, or equal to about 53 
pounds’ pressure. To maintain such a temperature in the bath in 
open atmospheric pressure 1 is impractical, and the composition becomes 
unmanageable. 

Other engineers report that the pipes after twenty years of expo¬ 
sure were found to be free from corrosion, but the coating had lost its 
bond to the pipe, and evidently remained in place because corrosion or 
otiier causes had not developed enough energy to cast it off against 
the pressure of the surrounding earth. 

In these and similar instances of failure, the results appear to 
have been more markedly against pipes cast in greensand instead 
of a dry sand or loam-mould, evidently because the thick, vitreous, 
or partly fused gmmsaud coaling carried so much air in its rough, 
windy surface into the bath, that it could not esenjic through the 
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the tough Bower-Burff skin, In which il is naturally mi cIom-Iv attached 
as to require pickling to remove. Il is (in* MthM-qumt baking tlmt 
the pipe receives that renders (his process u surer-*'-.. I ite composi- 
tion of the bath can he varied greatly without much detriment to 
the protective nature of tin* coating, if the baking process follows 
the bath. 

The generally unfavorable results attendant mi the um* of 1 >r. 
Smith's formula without the baking process, and the cure and cost 
of it, determined the present practice of tile pipe founder-,, which is 
to place the pipes for a short time in an oven heated to 2ht) ‘ to tint) ‘ 1\, 
then immerse them in the hath of hot coal-tar and pitch, and then 
cool them in the open air. 

This coating is one of appearance more than of u protective or an 
enduring nature, and is only applicable to water-pipr-s, ,-e* in gu-. pipes 
so treated the solvent action of the hydrocarbon vapor s<mu removes 
the coating, and the joints draw* and leak worse than with the uueoaled 
surfaces. 

The careless and indifferent boiling of coal tar. to free it from 
its many acid and other impurities, makes it a variable and tmsatis¬ 
factory coating. Lime, gypsum, ami other mineral •mh-Unuees mixed 
and boiled with the coal-tar to neutralize the ammonia, acids, Mtlphur, 
etc., only render the tar more unreliable and unmanageable, The 
careless heating of tin* pipes and hath, also the length of time the 
pipes are left in the hath, and the subsequent treatment of the pipes 
when removed, are all factors in the indifferent results obtained. 

Unless great care is exercised the small pipes will !«• overheated 
and unequally coated and brushed off, inside and otitdde. The huger 
pipes, requiring a longer time to heat, from the nue<-•» of metal thrv 
contain, will be undorheuted in the oven and cool down the bath 
to a lower degree than is requisite for n reliable routing. The mb «• 
quent brushing of the coating, both inside and outride, during the 
first period of cooling (a matter of from HD minutes to 2 hound, 
promotes its reliability. 

All coal-tars or their compounds of whatever nature unrd h* a 
bath, or applied with a brush to any surface, hot or cold, are subject 
to the law of fractional distillation; that is. tl at and i mivt ire dnrii e 


for a lime, and ho on. 

Tho low boiling- or evaporating-point of tho lighter elements of 
coal-tar or petroleum products makes them very uncertain in their 
composition, as changes of temperature in the bath from 220° to 
;if)0 u V. are frequently noted without any change in the character of 
them that tho eye can detect. 

The character of the bath composition change's so continuously 
ami rapidly during the dip that frequent additions of fresh stock 
must, be made'. These necessarily cool the. bath, change 1 its composi¬ 
tion, and irrc'gular coatings ensue to that externt that an cutiredy 
new bath is necessary. 

The use 1 of liuse'od-oil with eend-tar for pipe coalings, as usually 
applied at lhe> pipe-foundries, is of ve'rv uncertain value. It causes 
the dip compound to froth to nearly double its volume, and remde'rH 
the coaling lumpy in appearance and uncertain in its bond to the 
pipe-metal. It re'tpiires some effort by continual stirring to incor¬ 
porate 4 it with the 4 coal-tar and pitch, ami it is always liable 4 to separate 
from them and (loaf upon the 4 surface 4 , froth, soften the coating, uuel 
delay its drying. 

Dr. Angus Smith evidently used a number of formula 4 for pipe 
coatings that contained linse'cel-oil as erne of the ingredients. A long 
line of careful experiments with the best of coal-tar, pitch, and linseed- 
oil eare-fiilly heated and applied, gave almost uniformly good coatings. 
I'sing the commercial grades of these substances and having the 
ordinary day laborer to compound ami apply them, the result was 
necessarily inferior, so much ho as to cause the abandonment of 
linseed-nil in coal-tar pipe coatings by modern founders. If, how¬ 
ever, tin* truth were acknowledged, the present eoal-tar pijtc coating 
would he found to In* living on the well-earned and deserved reputa¬ 
tion of Dr. Smith's compound. 

I had Oil in Pipc Coaling*. 

That part of coal-tar obtained in the fractional distillation of 
the tnr t>etween the temperatures of U0° to 750° l‘\, and which con¬ 
tains creosote and anthracitic oils (sit Analysis, Chapter IX), is 
used to keep the pipe dip at ft standard quality. It evaporates by 



One part of dead oil to about seven parts of coal-tar increases 
the proportion of Ilia heavy oils in the Jar dip from about 2d to dd 
per cent, and appears to make the coatings more uuitoim and ot a 
better character than where firtth (<tr is used to reintorce tin* bath. 

Thick tar gives thicker and more uniform coatings than thin tar, 
and fresh tar requires a hotter pipe to take bond than does old tai, 

(kudo gas coal-tar boiled from five to si\ hours becomes a soft 
solid at atmospheric, temperatures. 1 hiring the boiling the tempoia 
turo remains at. about 220" K. for about an hour, then rbes to about 
290°, slays there for a time, and finally rises to about .'ibu l\ Allot 
the naphtha is removed and llu* tar is deodorized and reduced to the 
consistency of very thick molasses, If to sixteen part'' <>1 tin*, tar 
1 per cent of hoik'd linseed oil be added, no frothing occur.'. even at 
400° V. The mixture is thick and does not harden well on light 
iron pipes about A-inch thick. On heavy iron pipes an inch or more 
thick, the. coaling hardens without diflteulty; in some eases Incomes 
too hard, is brittle, and Hakes off readily by mechanical iujun when 
handled. Dead oil added to thin the mixture causes no holding. 
The experiments show that linseed-oil could he m-s-d with siuves* 
and advantage with partially refined coal gas tar, and al*>o indieuies 
that its application requires more intelligent care than the methods 
employed with the usual crude tar coating. 

Experiments with n refined tar eouluiuiug dead oil slum that as 
high as 8 per cent of boiled linseed-oil resulted favorably in M.hdUv 
and hardness of the coating. In other instances, whete bom l to 
8 per cent of raw linseed-oil was used instead of boiled oil, bulbing 
occurred and a poor coaling resulted, evidently due to the pusetiee 
and evaporation of the water in the raw oil. There is nUmt o 
per cent of water naturally held in eumhhmtiuu with the Item quality 
of raw linseed-oil made from ripe flaxseed, and iieavlv S jver cent 
iu the oil made from unripe seed. With timnv brand" of eommeteml 
linseed-oil, 10 per cent additional of water is frequently iueot potuled 
by stirring it iu with a puddle nr passing it through a mixing null All 
such oils are likely to he made up from fish, resin, miurtul «»v vegetable 
and animal oils with no linseed-nil of any quality in them, and all the 
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to allow of its use to tho grout extent that pipe-founders require for 
their work. Heavy roofing pilch alone will run in moderately warm 
weather and heroines too soil and sticky for a pipe covering, unless 
laid immediately after coaling. This is impracticable, and in cold 
weather it. is too hard and brittle for transportation or handling. 

Nine parts of heavy roofing pilch with one part of boiled linseed- 
oil give a thick glossy coating less brink' than pilch alone. 

Two parts of hoik'd linseed-oil with the nine parts of the pitch 
give a coaling more elastic and lough. 

Three parts of boiled linseed-oil with nine parts of pitch, the coat¬ 
ing is more bulky and less smooth than with the others, while with 
larger proportions of the linseed-oil the coating partakes of the char¬ 
acter of a slow-drying paint and requires baking, which gives if a 
superior quality. 

Coal-gas tar belonging to tin* class of pyrogenic (fire-formed) 
compounds is unstable at ordinary temperatures, and is continuously 
decomposing by the evaporation of its many hydrocarbon elements, 
until nothing but the hard friable pitch is left, which contains nearly 
all of the sulphur element ill the coal (hat forms the bast* of the tar 
product. Asplmltum, also a pyrogenic product, formed by the slow 
evaporation or distillation of petroleum, decomposes upon exposure 
by reason of tho oxidation of the sulphur element in it, but is more, 
durable than the coal-tar residuum or pitch (asphalt). 

Asplmltum and linseed oil coatings do not harden well, unless a 
hard grade of asplmltum is used. 

\Y td<v~ pipe l)ijm and ('tmthujx. 

There are many pipe dips upon the market, some covert'd by pat¬ 
ents of doubtful validity, others secret or proprietary compounds of 
doubtful utility. Some of these compounds appear as pipe dips, 
also as brush paints applicable for ferric constructions other than 
pipes. (See 1‘aiut Tests, Chapter NX IN.) 

77/e I*, and II. Dijn- Dip is a patent dip; the principal ingredients 

an 1 probably an asphalt ami mndhdnr pitch. The latter is a pitch 
. i... o... . .e r.. .... ft. . m. 


qualities it may possess when on, are more limn oilse! by the hungers 
connected with its application. 

The P. and B. “ Huber inv ” consists of " rul>cruid " db>ol\ ( <,| j lt 
naphtha. ‘Mluln'roid” consists of California asphalt nm nr maltha 
and candle-tar pitch digested and vulcanized with sulphur. "Hu 
berine" dries rapidly, is hard to spread smoothly, hut gives an elastic 
or rubbery coating. Set' tests of paints, New York Klevated Railway 
Viaduct, for an example of its qualities. 

Mineral Rubber Dip (or Rubber Coating) is a secret composition 
whose appearance indicates that it is largely n-phultum. It is rather 
duller in appearance than the ordinary coal tar or asphalt mivtute. 
The dip requires a temperature of about -lot)' b. to apph , and tlu-n it 
is almost impossible to get a smooth or neat appeal my, mu face. A--* 
yet its protecting qualities have not been determined. 

“Biiwnaslir )> J* minds comprise an enamel to he applied in a 
molten stab 1 to the metal. Hitumastie cement b n-ed hot for the 
preservation of ships’ bilges ami frames, instead of the uMial h\druidic 
cement coalings, and also For the protect ion id water pipes. Ban 
mastic solution has bitumen for its lame. It b a brilliant black 
paint applied the same as other paints, and is probabh similar in 
character and composition to "Smiths Rumble tonting.'' || has 
been used to a considerable extent, on steel water pipes and for 
the limited period of test in that service is fuvorabh spoken of It 
dries in 24 hours, is said to ix> unaffected bv acidtilon .. alkaline, 
or brine solutions. If applied to the clean dn mu face of the metal, 
does not crack or peel when alternately wet or dn . or e\p.» » d con 
tinually to running water in penstocks, water «herb, etc It b 
not affected by a moderate heat, m»r by sulphur fumes, and b fur 
nished ready for use at SI. 75 per gallon. It b \cry volatile, and the 

packages must he well stirred while being ..k Its on.-iiif power 

is about 400 square feet, and its weight about ‘i.A pounds per gallon 

“Crysolile” linumel and Pa ini. " (Vysolite” paint b made bum 
oil and a by-product, oven-coke. It weighs !»,r> pounds pet gallon 
and spreads 500 square feet as furnished for n paint. When thinned 
with 12.5 per cent of oil, will cover KHIO square feet, and under general 
conditions in both hot and cold went her, dries rnmidctelv in .'(if |,< a r*» 


ferric paints are). .in the winter one-eighth of its volume of tur- 
])('ntine can he added to aid its spreading power, which can be made 
to cover from 800 to 1000 square feet. “Cry.soli to” paints cost 
about 75 cents per gallon mixed ready for summer use. 

“Crysolite” coatings on ammonia tank-ears and reservoirs stand 
t.lit* action of ammonia liquors and gases better than most of the paints 
used for this purpose. “Crysolite” baked coatings under test re¬ 
sisted (.lie action of carbonate of ammonia and ammonium chloride 
litiHoi's for three months without injury. “Crysolite” under the 
influences of strong brine is more favorable than the commercial 
asphaltum or the ordinary coal-tar paints. 

// ickcnlanpcr'x gas-pipo-dtp compound, list'd by the ('ineinnati 
(las Light and ('oke ('ompany, the i’uited (las and Improvement 
Company, and several other gas companies, to coal their small service 
pipes, has a record of many years’ exposure in the ground with few 
traces of corrosion. The failures thus far reported show that neither 
tlu> process nor compound wore at fault, but the lack of thoroughness 
and intelligence in its application. The pipes are first churned from 
rust, and mill-scale and then immersed in the following dip and 
in the following manner. Twenty gallons of retort coal-gas tar are 
brought up to u boiling heat for a short time to evaporate as much 
of the water, acids, ammonia, etc., as possible, then 20 pounds of 
freshly slaked Hint' are sifted in from the top mid well worked into 
the tar. Boil down to the consistency between a coal-tar mid a 
pitch. When settled, add four pounds of tallow and one pound of 
powdered resin; stir until nil are dissolved and thoroughly incor¬ 
porated, then let the mass cool and settle; (lien ladle oft into barrels. 
When ready for use, to eaeh bn riel of forty-live gallons of the above 
mixture mid four pounds of crude india-rubber dissolved in turpen¬ 
tine to the consistency of thick cream. Heat tlu* mixture to about 
150” P. and immerse tin* pipe, prmWs/y hmlvri to about the same 
temperature. After a few minutes’ immersion 11 ic* pipes are removed 
from the hath and laid upon skids to harden. The coating is some¬ 
what softer than the usual pipe-founders’ dip, and requires more 
time to harden, and continues hardening for a number of hours after 
cooling down to atmospheric conditions. The compound is especially 


rough surface of the coating arc the iir.M to catch the .'.aline, .-ulphm\ 
or other impurities in llu* water dial form (hi* 1 »n-» tor tin* de\rl,,p. 
meut of llu; nisi, colics. The coaling under the.e pit ■ m the lu.t to 
break clown, being of imuleipmle thickuex- ptohahh, ««nl\ inch 
thick. The external surface of (he |>i|»e m a.'* sough a (he m ade, 
and is not only exposed to the nmiMun* i«« tnniig.uiuie rtum inn, 
but this moisture 1 will contain all the acid* in the ml m uhu h the 
pipes art' laid. 

In all cases of the corrosion of water-pipe ., it \ . she poi-,, at \ of 
the coaling that causes (In' formation of the tuheit le and , of 
the pipe. Nearly nil of (.he dip coatings, when te ted 1»\ them ohe- 
or not. in eon tael, wil.h 1'errie sis list mires, w ere prartiealh uumjuied 
hy acid solutions or rmiiiiug water. 

Ill general, nil pipe coatings, applied as they swash nlwnv ■>> are 
in a careless, imli(Ten‘lit maimer, will begin to show mdiraf t«ni, of 
tubt'relt's in three yt'nrs, and eases of tubercle- in Jai.ee pipe. a! the 
end of sixteen years have been noted, where the earn mg eapaejt v 
of the pipes had bet'ii reduced 21) per cent 4 Kngiiwei , nos i eaioe il\ 
take up this question of reduced carrying eapursi \ >>f them water, 
pipes and decide whethri' it is sail uioiv economical to add itom d to 
id per ctait to the cost of (he pipe its the form of bet (er e<»af tm* mate 
rials and hetfor methods of (heir application tbasi to ubmit to this 
decrease in (low, that always grows less wills t 1 m* age of the pipe, while 
the demand upon the sei’virr is always iuriviidug, 

Specilieatums for pipe coatings appear to he of little me in pi,,due- 
ing a satisfactory coating, cither in appearance or durubs!it\, a- the 
din'etions they give ai'e more often evaded than earned out hv the 
foundry employe's. Aflt'i’ tin* pipes are coated ami upon the dmug 
skid, no nrdiimry inspection euii determine the charneln ,,| the coal - 
ing other than its appearance to the eye or touch, 

Testing pipe coalings is usually hy the hammer to whether 
the coating is so hard and brit t le as to chip olT its handling The acid 
tost determines the porosity of the coaling by attacking the metal 
through the pores of the dip. A solution of one pan muriatic arid and 
twm parts waiter will uflcct both the coaling and the e.neird metal 
more at the end of sixty davs than the • uoidd I - tr..,. ...r ..., 


Ti'fl inch or more, the coating undermined and peeled olT. 

After all, in this ago of specifications, inspections, scrimping, and 
adulterations, there is nothing equal to an honest and capable con¬ 
tractor, either for furnishing pipe, coating, inspecting, or laying it. 
Get such a oiks if possible and then watch him closely. 

Generally, the time that the pipes are left in the, hot bath does 
not exceed one minute, and is more often only one-lmlf a minute. It 
is impossible to properly coat a pipe in oue-luilf a minute, as the air 
carried into the thick turgid bath by the pipe will not escape in that 
time, and the top part of the inside of the pipe and the lower part of 
the outside of the pipe are uncertainly coated for this reason. 'Pin? 
pipes aie seldom turned over while in the hath, or outside while on 
the skids in the process of scraping and brushing off (In'surplus dip. 

On pipes that are left in the hath for five minutes tlu* coatings 
are nuukedly superior to those exposed for shelter periods. This is 
the ease whatever the nature of (lit' coating, and is one reason why 
the Angus Smith and other older-day coatings gave such superior 
results to those coated by modern methods. They never lmd less 
than five minutes in the hath, and were often left for fifteen or even 
more in east* of large pipes one inch or more in thickness. Modem 
pipe-foundry management allows no such exposures. 

A coal-gas far paint that has given very good results in the coaling 
of gas-holder tanks and ot her situalions where tin* metal is exposed to 
ammonia and sulphurous acids in solution and to alternate melting 
and drying under a great range of temperature, is made as follows: 
Coal-gas fur is well hoik'd to evaporate' the water and light hydro¬ 
carbon elements and then 20 to 2o per rent of caustic quicklime is 
sifted and well stirred in to neuf rulize the* acid elements in the* tar. 
'Phis is t.o 1 m* kept hot for a few hours and then an equal quantity 
of good Cortland or hydraulic cement is sifted and stirred in thor¬ 
oughly. 'Phe mixture is applied hot to the clean dry iron, and can 
ho repeated soon as cool or dry if the* exposure conditions are to ho 
very severe. In the latter ruse, a little more cement should he added, 
so that the* caustic lime and cement mixture will contain 50 per cent 
of each. The* pigments thicken the coal-tar and prevent it from run¬ 
ning under sun temperatures and give a bond to the brush routing of 
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The city of Perth, Scotland, when* very purr water ts obtained 
from the Tay, had (heir water-pipes coaled with a solution of india- 
rubber. After 25 years of use every pipe under 5 inches in diameter 
had been completely rinsed b\ corrosion. In 
many cases where the ordinary coal tar dip 
had been used on (hi* water-pipes it sealed 
off in strips and was discharged at the house 
Hcrviccd.aps. 

A pipe-dipping tank being retjuired fur 
Home steel riveted pipes, 111 to .’It) iucho in 
diameter and 2N feet long, was evteu puiized 
from old material in (la* contractors sard, 
ami is shown by the following 1 it* 21 * 

An old boiler-shell II feet or more in diameter 
and 2(1 feet long w ns lit toil with a -dirhi 1\ 
dished wrought iron llange 2 feet or iiaur in 
width all around, riveted to the top t-ml of 
the shell. This served as a working platform, 
also to catch ami return the diip The other 
end or lower one of the shell was riveted ;ut d 
caulked to a cast iron plate head which car 
ried on its inside face a concenti ir liaure in 
the ceiilre, to which was ri\Hod team light 
a wrought inm pipe nearlv as lung «■, the 
oul.er boiler shell. This inside pipe u a- r|u <ed 
Blcumdigld by u conical head that id o - rl \ed 
ns guide for the pipe when it entered the hath 
of pipe dip. The hot tom flange w as tapped 
for steam- and drain pipe connect ion which 
were lilted with the tiMtul gates, worked from 



fir 

Fig. 21.—A pipe-dipping the surface of the ground, in or on winch the 
^ an ' c ' tank was erected. The untmlur space he 

twoon the centre pijio and shell was filled with the coal far or other 
PiP 0 (li PA ( ) he applied to (he pipe, which was kept hot hv the Mean. 
* * Kmjinvvrimj Hcvord, Yol. XXXV, May H, |SU7, p js'i. 






coated kept the bath mixture well .stirred up and ensured a nearly 
uniform quality of its ingredients. It is obvious that this compara¬ 
tively inexpensive device is adaptable for many occasions that would 
not warrant a more expensive plant. 

A larger shell could be fitted with a number of the conical- 
headed pipe's with their separate steam-ami drain-pipe connections 
and be available 1 for dipping a number of pipe's at the same time', aiul 
weadd certainly ensure a more> reliable coating than where the pipes 
nre immersed in a long horizontal tank. 

Aim'koximatk Uki.a’Uvk Tost on Vaiuous Pips-Dics and Coatinos.* 

IA|i|irn\imuM*! I OuMt of 


Amount lit' Material for 

tiuirt’il to t One-IK-ituili 

Coming. CimiOmi-IS Appriutimiilo l’rii'PH. I'ipft. Ap- 

ioi'lt Pipe, 12 prtixitiiulnly 

i' t hong, JUi.'i No. l ,, t, 

of Surfnt'n. 

('rtitlf tar. gulp. SH.00 jut bhl. (52 gills.) $0.22 a 

Pitch.. 5 " 5,00 “ " “ “ 0.50 

Pitch ami linseed-oil. .70 

P. A* H. dip. 20 Him. -15 0(1 |toi' ttm .'15 

Mineral clip. 20 11 75 00 ** " .75 

P. & b. universal paint. IA gals. I (HI jmt gal. 1.505 

P. i't b. rulicrinc. 1 1 “ < 1 00 “ " 1.505 

'Par varnish. 14 " 0.10 “ " .15 5 

Dutch varnish. IJ " j 0,25 " '* . 10 5 

Hahin's hakcil japan. 11 " I 1.75 “ " 2.00 c 


a, Ahtait 00 j»cr cent of this was lust by evapumtinn. 

5, Kstimated cost of this cuating as applied with a brush. The wastage 
would lie csct'Nsivc as a dip, hut tlie dip is tip* only practical wav for its use ou a 
large scale, lienee the figures are not strictly correct, 

c. TIiIk cimtiug ri’cpiircH a compand ivetv e\jiensivc ptant and cunsiderahlc 
skilled liilmt, which would largely increase the total cost. 

* “ The Miumfactun* and lus|n-cihui ot t'»s| iron Pijws." Titos. II, Wiggins, 
U.K., boston. Cinl JunjiiHrm” Axwnnlion Journal, 1N0SI, 














OIIAITKK XIII. 


auAiMUTH and <iUAiMtm; ru \is. 

Carbon assumes in nature three allot ropir form-", \iz.: IJiatuoml, 
graphite, and amorphous carbon. (Iruphile itself as-unues different 
forms, some of whieli are amorphous and others .strict ly crystalline in 
character. 

If the three allotropio forms of carhuti hud each a clmrueteristic 
name, no confusion would he liable to arise in speaking of thotu. Wo 
speak of the diamond and of graphite, and each is clearly defined. 

In speaking of the third form we are limited to amorphous carl mm 
This form is found in certain stage's which are not strict h amorphous 
or granular in character. Coke, for instance, is one form; the otheis 
are the mineral graphite-carbon or graphite, termed foliated (Hake), 
amorphous (granular), etc. (iruphite is found in many parts o! the 
world and is of various degrees of purity, ranging from bn to o\er !*'U 
per cent of graphitic, carbon in the foliated form am! 2b to (Hi pm* rent 
in the other forms. 

The foliated is a designation for the thicker flakes in the Ce>Ion 
and like varieties, while (lake is used to designate the thin flake- of 
the purest brands, similar to the Tieonden>ga mine product. 

The Gorman (Bavarian), Siberian, .Mexican, and some American 
varieties are amorphous and vary greatly in the amount of carbon in 
their composition, as will he seen from the following analyses: 

The purest brands (Tieonderngu mine) have a specific gravity of 
1.21 to 1.4. The amorphous varieties range front l Ml to 2,2a to 2 70. 
When pure it is perfectly opaque, iron-black or steel gray in color, 
with a metallic lustre. Its hardness varies from I (n 2, ami it con¬ 
ducts electricity nearly on well us the metals. 

Pure graphite or minerals high in graphite-carl ton grits 1 am! f,-el 
greasy, and are repellent to moisture and oil Fluke-graphite aUive 
80 per cent i v n iritv. bv lot ir trit.i rt t* witli ♦ »«*« ti t,n nut 


agnmsi J to 2 for graphite when it contains ( .). r > to i)9 per cent of carbon. 

The Ceylon, Cumberland, Indian, and American Hake varieties 
are the purest in carbon, and are used for pencils, crucibles, lubricants, 
stove-polish, foundry facings, ole., and to tone up the poorer varieties 
for many purposes. 

Foliated graphites, though used for pigments, are not as satisfac¬ 
tory (for reasons given hereafter) as the amorphous variety, that, less 
rich in carbon, contains other mineral substances, non-corrosive, non- 
absorbent of atmospheric moisture and gases, either ns individual sub¬ 
stances or collectively us a natural mineral compound. That this 
feature may be duly considered when a graphite pigment is to be 
selected for a ferric structure the following analyses of amorphous 
graphite from a number of widely separated mint's are given: 


Anai.yhkh ut- AMnai’iioes (Juai'Iutk 


Silienim nutl (termini Mum*, 
t'er (’out. 


Iron Holublo m Fo,!)*, 
" insoluble 


Cnleimn as (’at> .. j 

Magnesia oh MgO ... j 

Carlion dioxide, water combined, #o- 
tliuin compounds, iron pyrites, vola- 
tilo matter and loss . 

Specific, gravities, 2.25 to 2.70 
1.5 to l.S. Fracture, granular. 


I.tike Rimrnor 
U S A MineM. 
I’or (’tint. 


as. 2o to ati. on 

28.30 to 83.48 

43.20 '< 37.70 

40.07 “ 37.54 

[ :, ' 0B " «•“ 

4.22 « 1.25 

15.42 “ 17.80 

10.00 " 12.35 

1. 1.06 « 1.20 

0.00 “ 1.02 

4.00 “ 8.22 

2.58 " 1.80 

0. Color, gray 

or drab. Hardness, 


Graphite from the Wisconsin mines analyzes, viz.: 

(Iraphitie carbon ... .. 72.00 to 74.00 per cent 


Iron aside... 7 

Silica... 10 

Alumina... 8 

Water and undetermined... 2 


10 '* 14.00 
00 “ 12.00 
00 1 tram* 
00 " •* 


The Mexican graphites are amorphous in character, are high In 
carbon, and have had but a limited urn* for pigments. When contain¬ 
ing about 80 per cent of carbon they arc lletter suited for lubricants 

. _ £* _ 1_ l* * 















or vehicle, and are nearly ns imoxidizable from moisture, atmospheric 
influences', combustion, ami other gases us pure curium. The\ are 
of an agreeable color and good covering power, and they work well in 
combination with other pigments; flow, hold, or curry well in the oil, 
and are as easily brushed out. to cover ns much aurlaee u>i any good 
paint. They are not repellent to the oil, do not separate from it, 
nor set in the paint pot or barrel on long storage, either us u paste or 
paint. They are wholly self-supporting ns pigments, eon tain no 
elemental substances that (end to reduce them to a lower plane by 
oxidation or slacking in tlit 4 presence of moisture and gases. They 
require no body stu(ling, either to bond them, or to keep them quiet, 
or from curdling; or crawling during or after applieatiott, and they 
contain neither acids nor sulphur. 

They are entirely different in character and composition from 
the so-called siliea graphites of eonuneree, many of which resemble 
carbonaceous s cl lists or impure soapstone, or are compounded from 
flake-graphite and mineral substances of dissimilar eharaetec, sueh 
as harytes, silica, furnace slag, etc. These several sulMuiuvs, even 
if they are non-corrosive, or electrically or chemically passive of fheim 
selves or collectively, when assembled in a paint cannot be iv- reliable 
as are the same substances incorporated together by the proee^ea 
of nature, each and every particle of which is of the .-mine phviral 
and chemical composition and equally affected by the \ehiele, 
atmosphere, or other conditions that affect a paint, 

They have not the merit of being synthetical compound*-. \o 
human care in the. mechanical processes of grinding and ntixing them, 
as a compound pigment or paint, can arrange (hem in sequence or 
in other than a haphazard manner. 

Silica graphite paint is ui a dark, lifeless brown; not objectionable 
on the enclosed ironwork of n building, but decidedly *.u for more 
prominent; positions. Hence it is toned up by red lead or other h;r ie 
pigments of agreeable color, but at. an increased com and a coins il.rtrd 
dement of danger in (he disintegrating of the paint whew.-wr l»ydii«- 
sulphide fumes reach the rod lead in the coaling 

Iron oxide is also used for tuning effects, but the natural r» d hema¬ 
tite oxides arc not strong enough in color to materially modify tim 


if tin* brighter red copperas oxides art* used. Their strong sulphur 
element sets into action an antagonism between every element in the 
coating and delays the drying of the paint, making necessary exces¬ 
sive amounts of st rung driers to counteract even a small percentage of it. 

(Jraphite paints are noted for being slow driers and require a lib¬ 
eral use of driers to got a firm coating. This is inert* apparent with 
fluke-graphite; its (lueeulont form and oily nature prevent the vehicle 
from bonding if. There is a movement in the paint during the whole 
process and period of drying that even tin* sharper and more angular 
form of the silica or barytes added cannot wholly overcome. Further¬ 
more, these substances bring their own peculiarities into the coaling 
and forcibly demonstrate the unreliable character of all compound 
paints. 'Flu* greater die number of substances in a paint the less 
dependence can be placed upon them to work together for a durable 
coating. An acid and an alkali will chemically form an innoxious 
whole, but this or similar action is dangerous in a drying paint and 
generally proves detrimental to llu* coaling or covered surface*. 

High-carbon graphite is so easily adulterated with soapstone that 
if a pound of if bo ground with three pounds of soapstone (specific 
gravity 2.7), neither the eye nor touch can delect the adulteration; 
only analysis will show it. 

(iraphite is one of tin* lightest pigments. Its specific, gravity 
ranges from 1.21 to 1.1 to 2.3N, while zinc oxide is b.42, usphallnin 
1.1 to l.S, barytes l.b to 1.7, Milieu i.U to 2.K, gypsum 2 .1 5 to 2.25, iron 
oxide 4.7 to b, 1, whiling 2.2 to 2.K, red lend 0.07, while lead (5.43. 

'riu* natural drying of a linseed or varnish eoating is in the form 
of a closely woven web of a line fabric. 'Phis shows plainly on a freshly 
dried or drying surface, and explains the reason why two or more 
coats are necessary to give a smooth foundation for the last or polish¬ 
ing eoat. Kaeh subsequent coal fills the interstices of that under¬ 
neath it, each coat repairing the other’s deficiencies, ns many folds of 
a fine muslin will in the aggregate make an adequate covering from 
heat or light. 

Now, it is the function of a pigment to fill these cellular forma¬ 
tions in tin* drying vehicle, or rather, while lieing applied with a brush, 
for tin. atoms >f t * oitnuei t. meehunicallv arranged in brushing out 


"U.. 

pigment and the vehicle. 

If the pigment atom be splintered like a sliver of glass. *»r nf only 
length and breadth like a Hake, then the natural cellular fonimtiuns 
in the drying vehicle cannot be realized. Such shaped pigments are 
arranged with the sharpest angles and edges upright to the dr\ iug 
surface, and are not well covered in or embedded in tin- oil. hence 
dry with a rough surface that will hold moisture and dust and quickly 
decompose and disintegrate them from their bed, when mure nmi-nuir, 
cinders, and dust take their place aud the cycle ut act ion i - repeated. 

The rough character uf all paint eon tings containing -ilieu. barytes, 
furnace slag, etc., is distinctly apparent to the tourln A round marble 
does not bed itself in a cement its well its the cubical bluek hum u hieh 
it is made, tu'itlu'r does a beach-worn sand ur ;t quirk-urn! alum, 
with the best of cement, make it good mortar fur the -urne tea-on. 
The splinters, (lakes, and rtunit 1 atoms fire more easily removed lYu u 
their beds than a s<|Uiire ill out. 

Both tile amorphous and Hake graphite pigments (nut associated 
with foreign substances its adulterants) being eieetru negative-, are 
less affected by catalytic or electrolytic action caused In the juxta¬ 
position of electro-positive substances in the coaling or .surface 
covered, or by hydro-sulphide gases, than any ela-s of pigments, 
lampblack alone excepted. This is a valuable feature in auv pa ml, 
whether applied to iron or wooden bodies, and in the future v\ill iu mie 
a more extended use of graphite paints instead of the iron oxides, 
and compounded or patent paints, to the careless use of uhieh mu-1 
of the corrosion in progress upon important ferric structures h di¬ 
rectly traceable. 

As a general rule graphite minerals that contain about It) per 
cent of graphitic carbon have proven to be lietter for pigments than 
those, richer in carbon, for the reasons given before, the principal 
one being that they are less repellent to the oil and bond Uetter to it, 
and do not appear to be* affected by combustion gases. 

Amorphous graphite coating applied to boiler tubes exposed to 
internal firing aud the action of hot water under pressure of eighty 
or more pounds per square inch for two years was uninjured and 
fresh as when, it was first applied. 



were replaced, each alternate tune was coated with Luke Superior 
graphite paint, the others being nncoaleil. At the* end of over two 
years a number of the tubes were removed and their condition as¬ 
certained. The impainted ones were again covered with the hard, 
flinty scale, that required the use of a boiler-scraper to remove. The 
painted tubes were covered with a light (locrulent coating of tlit* scale, 
that could be bmshed off with the lingers, showing the bright, clean 
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paint beneath it. The tubes were pitied with rust in spots and 
streaks when they were first removed to In* cleaned, These show 
in the photograph, but the corrosion was stopped bv the paint. The 
light-colored scale-deposit was left on part of the tube, and shows 
on the sides of tlit' figure. 

Picecs nf iron coated with graphite paint and dipped in muriatic, 
sulphuric, and nitric acids, ami allowed to dry with the arid on them 
showed at tlu* end of nineteen days no injury to the coatings. Other 
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paints. 

While tests of paints are not regarded by many engineers as 
indicative of t.lioir value to resist the ordinary influences upon a coat* 
ing exposed to weather, they do show that a coating that can withstand 
the above severe tests is certain to give more sathfaeiwrv results 
in its general use than the many conmiereial paints whose low price 
and not their proleetive ([ualities is their principal recommendation. 
They also show' that if the renditions to which a mat iug is to he 
subjected are known, it can generally be furnished to successfully 
meet them. 

Other tests of graphite paints in competition with other commer¬ 
cial paints are given in the following chaplets on paint test-*. Km* 
a roofing paint the graphites high in rarhou. of themselves, nr mixed 
as silica-graphite compound paints, are of marked excellence, They 
do not harden as rigidly as (lit* iron oxides used for ton ting purposes. 
They endure long exposure to the huh, lienee tire less liable to crack 
or flake off, and they follow without injury the expansion changes 
in the metal they cover. Their darker color ami higher cost emu- 
pared with iron-oxide paints used for roof coatings are more titan offset 
by their better protective qualities and longer life. 

IClccln'c-fttrnntr ttnipltitc. 

However engineers may differ about the respective merits nf a 
low or medium grade of amorphous-graphite mineral fur a straight 
paint compared with a flake-graphite and silica compound, their 
attention is liable to be attracted in the future to a new product 
that has entered the held for a pigment, under (he name of 

“ A clientm Uruphih'." 

Tliis substance is an amorphous-graphite pigment of high rnthoii 
content, W'bose physical character seems to be materially different from 
the high-carbon mineral graphites heretofore used for paints. Although 
amorphous or granular in character, us compared with the other 
forms of graphite, such as the (lake-graphites, it is nevertheless dm- 
tinctly a graphite product, and contains absolutely no trace of amor- 
nhm car >o . the i ai > i k idle * 1 r..il n, i,.t, f...t. 




lly is z.zi). ii is ground ary and uir-noaled to an exeieeelmgiy imo 
slate, of subdivision and of groat uniformity in size of the individual 
particle's. 

Us amorphous character renders it far lens repellent to the oil 
than the natural graphites containing approximately lhe same per¬ 
centage of carbon. This quality causes it to remain in place in the 
oil, and it is not as easily moved out of position by the drying action 
of the vehicle, ms is tin* case with a high-carbon Hake-graphite. 

Acht'son graphite 1 used with a boiled-oil vehicle will set in the 
coating without the aid of any inert substance to hold it in place 
while 1 drying. Used with raw oil, it requires a drier to secure the 
initial set of the paint, particularly if the coating is to be an ex¬ 
ternal one exposed to the vicissitude's of weather. 

Its manufacture is entirely unlike that of any other pigment, and 
is shown by big. 2H, illustrating the style of the spc'cial electric furnace 
used to produce it. 

In manufacturing graphite 1 ! in this way, anthracite eeml is heated 
several hours in the' electric, furnac.c by memos of a powerful electric 
current, approximating 1000 horse'-powew of eneTgy. The tempera¬ 
ture of the mass of coal is raised to a point wlmm the carbon is eon- 
verte'd into carbide's e>f the variems constituents of the ash, which 
in anthracite c.onl am very ewonly distributed. The temperature is 
them carriesl to Urn point whom the carbides an* de'oomposed, and 
the principal eumstitiumts of tho enigma] unit, silicon, iron, sulphur, 
aluminum, ede., am driven e>fF as vapors. 

The 1 residue minoveel from the furnace is carbon in the form 
of graphite, perfectly free from any trace' of the amorphous carbon 
or c.oal from which it was prenduc.eth Its method of manufacture' is 
probably a duplication, upon a small scales of the' process by which 
the natural graphites worn formed in the earth The' purity <»f the 
product de'pe'nds upon the temperature to which it 1ms Ihh'u raised; 
for eemtmorcial purpose's, it contains abemt IK) pe i r cent of carlsm. The 
10 per ee>nt of ash still remaining in the carbon is practically as inert 
as the 1 graphite' itself, and intimately associated with it. The* furnace' 
product is brokc'n up, and the grade's suitable for various purpose's 
separated. The graelo uses! for a pigment is pulvc*med to an ini- 
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for an ideal paint. 

Unfortunately, there in no Ktumlurd for n graphite paint ok there 
is for a pure-while or red-lead paint. The consequence is, that where 
graphite paint is specified by the engineer, lie is to an extent working 
in the dark, and does not feel at all sure but that the coating will be 
spread from some one or other of the ninny al>omhmtions under tin* 
guise of “mixed paint,” that has not an atom of graphite of any 
kind in it. .Reputation of the tnunufaeturer or dealer in graphite 
pigments or paints is (pule as essential as in the ease of the lead and 
zinc products. Adulterations in a graphite-mixed paint are more 
easily concealed from (lie eye flmu in those liming a lead or sdnts 
base, and arc equally, if not more, annoying to the engineer. 



CIIAPTlOlt XIV. 


B 1-3 H S 1-3 M 1-3 H PAINT. 

A hi»i-:cual pigment, claimed to bo of the inert class, has lately 
come into use to replace oxide of iron as a straight paint for ferric 
structures, During the short period it has been upon the market, its 
use has been attended with many favorable results. It is a German 
development, and is reported to be the pulverized slag from Besse¬ 
mer basic process steel furnaces. It is claimed to be free from the 
sulphur and phosphoric acid elements that are usually present in 
iron-oxide pigments. 

It is prepared as a mixed paint ready for use. The finely pulver¬ 
ized furnace slag is ground in linseed-oil containing a small amount of 
one of tho copal resins that makes the paint coating very ('lastic 
oven after long exposure to the sun. 

it is claimed to spread easily, covering 1000 square feel per gallon; 
hut to do this the list' of short bristle brushes is recommended, the 
effect of which is to rub out the coating very lliiu. Put however 
closely the paint may thus be forced into eon (net with the surface 
being eovcml, it cannot lx- ns well protected as where* the paint in 
spread by long bristle brushes, and a sudicionl amount of painters' 
labor and time is given In spread the coating. 'The pigment is not so 
deeply embedded in the vehicle, nor so well protected or bonded to 
Lht* coated surface as it is when spread over a smaller area. 

Bessemer paint in its natural color is a very dark gray, though it 
can be made a lighter shade by tin* addition of other substances (not 
of its own nature) to tint it. Tu this ruse the coating will be no more 
durable limn the life of tin* most perishable pigment in the paint, as 
is the ease with all emrmmmd imints. 
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associated pigment or substance from the action of. the atmosphere. 
All slag pigments arc electro-negative to the metallic bane pigments, 
and to all of the metals that constitute a part of their composition, 
also to the metallic surface that is coated with them. 

Insulating qualities are claimed for Bessemer paint; but other 
paints free from metallic oxides also have thin quality. 1 he insulat¬ 
ing qualities of any paint are due to the vehicle mole than to the pig¬ 
ment, with the single exception of india-ruhher. In any case, a paint 
coating cannot resist electrical currents of high potential; to mod¬ 
erate or low potential the insulation would be more or less resistant 
according to the amount of resinous matter in the vehicle. In 
this respect Bessemer paint, containing ns it dors a tuuull amount 
of fossil resin, would be better than a paint- containing mme. 

Common resin or resin oil should not he sub-Ait tiled fur eupal; 
they are not desirable elements in a paint, us they dry hard and 
crack the coating or cause it to crumble and rub olT alter a .*hort 
exposure in the open air or sunlight, and they promote corrosion. (See 
Paint Tests, Chapter XXIX.) 

Pulverized mineral wool has been proposed for a pigment. It is 
a furnace slag riven when in a molten state by a current of steam. 
But merely pulverising it imparts no protective \ nine to it for a 
pigment. It is acid in reaction, electro-negative in character, and 
when used for covering steam-pipes or other fi-rrie Unites, on bceimhug 
damp is a virulent agent for promoting corrosion, A sample of min¬ 
eral wool analyzed by l’mf. Kgleston. of Columbia l'ui\ersit>, ga\e 
the following result: 
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analysis of blast-furnace slag, and with it may bo taken as representa¬ 
tive of this class of substances. 

No analysis of the Bessemer pigment is given by the manufacturers 
of tlu' paint. It is, however, supposed to be a tetra-basic phosphate 
of lime, containing about 20 per cent of phosphoric acid and 50 per 
cent of lime, associated with other mineral and metallic substances 
in Bessemer iron ores. Some of these substances are partially con¬ 
sumed in the working of the furnace, and the balance fluxed off as 
Bessemer basic slag. 

Bessemer basic; process steal was made by the Potts town Iron 
Co., of Potts town, Pa., for a few years previous to 1S03, and the pul¬ 
verized slag was sold for a fertilizer. Since 1XU.H the basic process 
for making steel has been suspended in America, and the slug is now 
procured from (lermany. 
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An analysis of blast-furnace slugs, the mean of 2000 samples 
from funuirort working on gray forge pig iron, is given for a comparison 
with tin; Bessemer rnnverler slag. 
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Jilast-furnace slags are acid in reaction, while Bremer slug is 
basic or neutral. Both are pyrogenic bodies utmiTecLed by heat, or 
sunlight, and neither is oxidized by the atmosphere. 

A German chemist* gives the analysis of Bessemer paint. n« known 
to the trade in Germany, jus follows: "The pigment contains baryta, 
alumina, iron oxide, lime, silica, zinc oxide, sulphuric arid, carbon 
dioxide, and phosphoric acid.” No dclinite percentages of these 
substances are given in the analysis, nor any mention whether they 
were separate constituents of the paint assembled in the process 
of grinding and mixing, or that any number of them were found com¬ 
bined together as a single pigment. “Graphite or other earl mu is 
used as coloring matter, and linseed varnish as the vehicle, turpentine 
constituting the drier. 'Hie presumptive ennslitufion is. then-fun*, 
lithopone, or silicious calamine ore, containing ban ta ami ebalk, 
together with graphite or other form of carbon, and linseed varnish 
(with probably turpentine as a drier). When treated with h\dro- 
chloric acid it disengages sulphurated hydrogen." 

There are many formula 1 for compound pigment paints in this 
country, each of some declared excellence by tin* manufacturer of 
them, if not by the users; hut it is difficult to select one that for the 
varied composition will equal this German product. Whatever may 
be the composition of the American brand of "Bessemer paint." it 
appears, from the. above description, to he wholly unlike that of its 
German namesake, and is certainly superior to It for u ferric paint. 


* “ Andes' Iron Corrosion." 



CHAPTER XV. 


NATUUAL-IUK’K HYDRAULIC CKMKNT. 

ITydhaulkm’mmknt coatings, oil her in tlui form of a plaster coat 
laid on by a trowel or as a wash or brush coaling, have not boon much 
used for tht' protection of ferric structures as a substitute for paints, 
though its use sis a protection from corrosion of iron embedded in 
masonry is common and its value for this purpose under certain condi¬ 
tions is recognized. 

Hydraulic, cement insult* from the ground mineral varies greatly 
in quality, its general composition after calcination, that makes it 
caustic and anhydrous, being: 


Lime. HO to .SO per cent 1 

(Tny.2f> " *10 “ “ >■ Specific gravity, 1.5 to 1.0. 


Iron oxide., d “ H “ “ ) 

Silica, sand, magnesia, sulphur, and many metallic oxides art' silso 
present in some amounts in many varieties of tin* hydraulic mineral, 
all of which affect the quidity of the cement unfavorably when if is 
used for a mortar, and are more nhjoetionsdilo when it is to be used 
for a coating on feme bodies. 

The adulteration of mineral hydraulic cement is genorsdly, from the 
same chins of minerals of inferior quality, with free ssuitl, silica, anti 
iron ores containing sulphur its the form of sulphides, and all are imper¬ 
fectly resisted and pulverized. 

Their setting quidity and strength art* very irregular and uncertain 
whatever their trade name, or the umnufacturcr’s report of the largo 
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o. omy-neunug jmueswme pu-gmaccous mntmonoj wmi Clay, snaie, 
or slug Hand. 

Thom* substances am pulverized and mixed in some proportions 
that vary with (.ho different manufae.turerH. The mixture is then 
calcined lu nearly flu* point of fusion, or to actual fusion, forming a 
cinder which in finely pulverized and called Portland cement. 

Furnace slag, (he waste product from blast-furnaces (see Analy¬ 
sis, Chapter XVI), is also used us (he base of Portland cement. 

The slag is heated in mass and quenched in wafer to granulate 
it, making slug sand; then dried and mixed with about one-fourth 
part of slacked lime, and hen finely pulverized to form the cement. 
Slag sand usually contains from 0.5 lo 1.5 per coni of the sulphide of 
iron, (hat has a tendency to oxidize on exposure to the air, which 
action is destructive to cement in above-ground situations. Slag 
cements are from 0 to M hours in selling, as against 1 to 3 hours for 
the American brands of mineral cements under test of a one-pound 
needle. 

The color of slag cement is a delicate lilac or almost while. If 
the slag sand has been roasted prior lo pulverizing, if is generally 
of a dark color similar to tlu* ordinary brands of dark Portland cement. 
If a greenish eolor is present in the cement, it denotes tin* presence of 
a large* quantity of tin* sulphide of iron. This greenish color is also 
found in some brands of the oidinary Portland eoment, where the 
Hubstuuees from which it is made contain iron sulphide, and when 
there has been a deficiency of bent in the oxidizing (lame of (lit* kiln. 

Slug cements, when mixed and exposed to the air, must be well 
covered, else they will crack, though they harden under water without 
swelling or any material change in volume. They art* completely 
hydrated during the process of manufacture, do not require aging, 
and tit) not deteriorate in storage. 

Tin* character of furnace slag and all the processes of its man¬ 
ufacture into cement ret pure as close attention to secure a reliable 
product, as is required for tin* mineral or Portland cements. The 
engineer should select a cement for a wash coating fur ferric surf act's, 
or for a mortar, by its properties, not tin name, amt should require 
tht* standard he desires to reach to be met by systematic anti rigid 
i f nvnn* inVniff* nf the cement, an 1 tnanv tests from oaol in- 


T]\e nature of the cement has much to do with its effectiveness. 
The quick-setting cements require tlie most run* in their applica¬ 
tion, and are generally the bent fur ship work. If the thin cement 
wash once sets in the bucket if will not again set if stirrinl up it i« 
then useless. Constant stirring of the paste in necessary, as lifleen 
to twenty minutes after mixing suHiees for it to set if not kept con¬ 
stantly stirred. 

The I’ortland cements set slower than the American or natural 
mineral cements. Quicklime is sometimes added to delay the setting, 
but renders the cement more caustic and destroys the protective 
qualities of the vehicle in the underlying paint, ami opens the way 
for moisture, in the cement to reach the metal, ami all of the coat 
ings soon peel or flake off either from the corrosion of the iron or 
by the destruction of the bond between it and the paint. 

Cement coatings, unless spread where they an* freely ex jaws! pi 
a circulation of the air, are damp, and being porous, art* not proof 
against the penetration of gases or liquids. If by accident they are 
exposed to the action of any copper scales, scrap-metal, or water 
charged with acid or alkaline* substances, the soluble salts of copper 
thus formed will penetrate the coating, deposit the copper upon the 
iron or steel surfaces, set up a galvanic action, ami corrode the 
metals beneath the cement coaling. 

The hardness and rigidity of cement coatings render them liable 
to flake off the metallic surfaces under strains due to changes in tem¬ 
perature of the metal that the cement cannot follow. Such places, 
though of minor extent, art* generally inaccessible, and are quickly 
corroded; this action being hastened by the difference in potential 
between the exposed metal and the cement coating, even under ordi¬ 
nary atmospheric conditions. It is more rapidly developed if acidu¬ 
lated solutions or vapors are present, as they nearly a 1 wavs an* aboard 
ships. 

All of these disadvantages in the use of cement can with proper 
care be in a groat measure lessoned, if not altogether avoided. (Vmeht 
coatings arc in many cohos the only protection that can Ik* uwk! to 
prevent corrosion, or to arrest it, even where* it has progressed to an 
extreme or dangerous point. 



paint, is iron oxnie or 11 it mis i>een spivail over mm-sealo. 

The collapse of many stand-pipe's shows in nearly every case that 
corrosion wan the principal cause of their failure, as its progress at 
one or more places had reached such a degree that it only needed 
a small extraneous disturbance to wreck the structure. A case in 
point is that of the (iO-inch-diameter wrought-iron inlet-pipes iiOO 
feet long, and the* lower sections of the stand-pipe of a large water¬ 
works (‘•reefed in 1X00 and in use' only a few years, when corrosion 
had developed upon flu* inner surfaces of the pipes in ho many large 
spots and blisters, in such an irregular manner, that the engineer 
reported “ flint over one-half of the strength of the pipes to resist 
external pressure hud been destroyed. Farts of the pipes were un¬ 
affected, the mill-seule and shop-marks being in place, while 1 nearly 
one-lndf of them presented an appearance of being inoculated with 
point m,” 

The inlet-pipes being buried in river-sill containing a large' amount 
of clay, were comparatively unaffected, though below the watew- 
level; but if was still water, not subject to motion like the suction 
and force sides of the' pipe's. 

The* inside' surfaces we're scrupl'd clean as possible, and them coated 
with out' coat of neat hydraulic C('menf from J to :j inch thick, laid on 
by a trowe'l by house'-plasterers. 

'Hie wntor-lowi'r was wri'clmd by a tornado in 1X00, and all the 
pipes we're found free from rust in any degive, and probably would 
have lasted indi'fmilely. 

Imporfc'd Portland cement was used on one part of the pipe's and 
Louisville' (vini'nt for the* lvsl. The former set. slowly and had an 
indifft'renf adhesion to tlu* iron. The Louisville cement set promptly 
and was t'asier to apply. 

Many other instances of the successful use 1 of hydraulic cement in 
similar situations could he cllinl. The quality of the cement, the 
rummer of mixing and applying it, and the personal c*quutiou of both 
the ('ligiue'er and the employ^, are* factors for suecc'ss. failure's of 
cement coatings arc* more* fre*qiu*nt than successes for the minim that 
in their application one or more of these mjuimnentH have been 
neglected.* Prof. J. M, Porter of Uifaye*tto College divided a sam- 
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bo made of it in a mortar, one purl (’('incut to three of mu a I, according 
to the rules recommended by tin* committee of the American Society 
of Civil engineers. The r(‘sult in^ average strength* reported from each 
of the nine samples wen* as follows: 7.1, 102, 111, 111), lid, Kid, I7h, 
221, 247 pounds tensile strength per square inch. Average for all 

the samples was lid pounds, and the lowest strength wits hut ,’!() per 
coat of the highest. 

If these results produced by experienced men in permanent labo¬ 
ratories vary so much with the same cement, what i* to be expected 
from the inexperienced and careless laborers w ho are generally em¬ 
ployed to mix and apply concrete, mortar, or eetnent coating* 

Neat hydraulic-cement coatings erurk, they set so rapidly that 
there is always a probability of their setting before the workmen ran 
spread them, and the tendency of the workmen to "knock tin m up" 
when they indicate set ting or huvesrt, instead of mixing a fresh batch, 
is almost irresistible, the result being a coating of \er\ uncertain 
character,—streaks of firm and close-clinging eetnent alternating with 
those of dea<l cement, that readily yield to a slight change in the 
temperature of the metal or covered surface, or to a slight mechani¬ 
cal injury or a frost. A strong iieat from the sun also causes them 
to flake off. 

Bad milling and insunieient burning are a frequent cause of poor 
cement, also an excess of magnesia in thr limestone or added adulter¬ 
ant. Magnesia causes a chemical change or disintegrating action in 
the cement when wetted in the mixing. Free, natural sulphate of 
limn is a dangerous impurity. A low speeihe gravity and a dark 
brown color are indicative of poor burning, and are easih detected. 

For the protection of iron or steel beam* or grillage, laid as the 
foundation or structure work below the water line to !«• emls-dded in 
cement concrete, the melnl should he bright and five from mill scale, 
which is an electro-negative element, and with the moisture present, 
is certain to produce a galvanic couple with the iron it covers and 
promptly start the corrosion, that will proceed miinterniptedh to 
long as any metal is Ml for it to act upon. Kvvry atom of the ml 
rust as it forms, being also electro-negative, increases the galvanic 
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energy on the remaining metal. The rate of this corrosion will prob¬ 
ably reduce the beams in loss than one hundred years to a coinlilion 
whore their strength to sustain any incumbent load will be no greater 
than an equal (ptaulil.y of tan-bark. 

No paint coaling on the metal can resist the galvanic action, and 
it should be applied solely to prevent any slight corrosion that may 
occur from the time the metal is cleaned until it is laid in situ. 

A lampblack and oil, or a graphite paint are good anti-corrosive 
coverings, but host of all coatings for these situations is a refined 
bitumen and (haul-oil mixture applied hoi. Oxide of iron, or any 
other coaling containing electro-negative substances that induce 
corrosion under atmospheric conditions, will only add to the strength 
of the galvanic couple, by bringing their oxidizuble elements into the 
field. The nature of the soil in which the metal is directly in con- 
pud will also contribute to the corrosive action through the galvanic 
couple, blue, clay or solid rock only excepted. 

Concrete, as generally laid, is very porous, and is seldom so pro¬ 
portioned, mixed, or rammed in place as to (‘liable if to fill the voids 
in its mass, and capillary action will enable the moisture' and soil acids 
to reach the metal. In all such foundation work the cement should 
be of the best quality, free from sulphur elements, the filler should 
be of small size, and the sand absolutely free from salt or sea-sand 
in order to minimize the dangers of corrosion. These precautions are 
seldom if ever taken, even in part, much less as a whole. The neglect 
of these particulars will soon be apparent in the failure of many an 
important structure whose life will be measured by a few decades 
instead of centuries. That the corrosion in these casts is out of 
sight and mind and irreparable will be the more aggravating. 

Vurtmlij of IItidraalie ('rtnenl. 

In a general way, engineers and architects are inclined to blindly 
trust hydraulic cement in many locations whore in parallel cases it 
has failed. The quality of a cement suitable for a concrete block 
would not he advisable in a wash coating for a wall or to bed an anchor 
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action of son-wntor. There was a movouirnt t»r change in live char- 
actor of the baton, oven when (Hit) to KSt) pounds of Portland coiiiont. 
per cul)ic, meter of sand was used, hi parts of the work when- they 
had not bct'ii exposed to the notion of sou-water, the briou of all pro¬ 
portions of cement- and sand were not only very porous but very 
permeable. Under a head of about three feet, the permeability was 
indicated by a rapid fall of the water in the vessel where the betoii 
block w T as under lost. The pemenhititij uf the eunuii wax in nil cnstH 
accompanied b\j a difuidnjnttimj cjftel in the hi tun. The disintegration 
■\vas found to lie. duo to the formation of perceptible tpmutifies of the 
sulphate, of lime by the act ion of t lit' sea-water on tin* Portland cement 
The sulphate of lime, when formed in the muss of concrete, solidified 
more or less completely in crystals of such a nature as to develop con¬ 
siderable molecular activity. Some of tin- IhUou cement analyzed 
.75 to .SO per cent, of sulphuric acid, 

The greater the amount of water used to mix the cement the greater 
was the permeability and porosity uf the concrete, even with all pro¬ 
portions of the cement and satul. Mortar made with 7 per cent of 
water was very permeable, and this increased perceptibly ns the per¬ 
centage W'as increased In Ion and eleven. In all eases w here sen- 
water instead of fresh water was used to gauge tin* cement, the had 
effects in the mortar were at once apparent. 

Prof. Batischingrr’s experiments showed that the adherence of a 
first-class Portland cement to a hrit/hi wronghfbmu floor Ix-nm was 
G25 pounds per square inch; that mixtures uf two parts of fine, 
sharp bank sand to one of cement reduced the adhesion In about 70 
per cent of the above value. In mixtures of three parts of sand to 
one of (‘('menl, the adhesion value was less than 50 per cent. That 
with each increase in the percentage of satul from the above amounts, 
the reduction in strength and adhesion was very rapid, The quality 
of the cement had a great effect upon the adhesion value. In the 
commercial eement-H usually provided for contract concrete, the adhe¬ 
sion was frequently only 20 per cent of that given above, 

Bloxam’s ‘Themistry," edition 1 X 95 , pp, ;i 7 o. 977 , H tatrs "that, 
the ordinary corrosion of iron is acctimplislu d only in the presence of 
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ansoros oxygen me mmospuerc, in accordance witn 

21'V(’(>.,(<) Kc a ()., I 2(. 

The l'V a O., combines with the moisture and is deposited as 
2 Kc- 2 ()„.:ill 3 (), or ordinary iron rnsl. iron in its ordinary stale is 
not affected in perfectly dry air, and it, will not nisi, in water con¬ 
taining a free alkali or alkaline earth or an alkaline carbonate, 
because the nihility of these alkaline substances for (tut/ acid is 
greater than that of iron, so that they would neutralize the acid 
before 1 it had time to attack the iron,” 

This neutralizing action, however, would only be effective for a 
short lime' or until the alkaline substance became saturated with the 
acid (‘lenient. There art' no locations where concrete is used or cement 
coatings applied to iron fur its protection from corrosion whore reviv- 
iiifj the saturated alkaline substance is possible. If is therefore only 
necessary to have a limited amount of some acid present with air and 
moisture to cause the ultimate destruction of a largo amount of iron, 
because the (*t) 2 or other acids present never become fixed, but are 
always active, passing from molecule to molecule, as long as there is 
any free metal for them to at luck. 

If is proposed to increase the safeguard afforded by alkaline sub¬ 
stances to delay eorrosiun by mixing the concrete, mortar, or wash 
coating with whitewash instead of plain water. The small amount 
of lime tints added to the cement does not materially detract from its 
strength. 

Hlag cements, because of the sulphides present, should bo avoided 
for use in concrete or any coatings in contact with iron. It is hardly 
possible to assemble them with an amount of any alkaline substance 
that will permanently neutralize the arid element present in their 
composition, aggravated in nearly ('Very instance by the porous nature 
of all concrete constructions caused by deficient ramming to fill the 
Voids occupied by the enclosed air, also by the surplus of wuhr Used 
In mixing. 

Kvon a cement free from the sulphur element, if mixed with a 
small quantity of cinder, or if laid in soil containing cinders or pyrites, 
will absorb the acid and collect it in dangerous amounts in the voids 
nf ♦ iw. /tMtt m (itton thorn it will \ ltm i to v ri'it *h the metal and 
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further aggravatel by Ihe fuel, that nearly all ground-water is charged 
to some extent with saline or sulphur elements or both, that would 
soon saturate any alkaline substance present hi the cement. When 
this point is reached corrosion of the grillage will inevitably ensue 
even if the imposed columns show no evidence of its action. 

Grillage ironwork lias been removed from concrete foundations 
laid only five years and found to be corroded | inch or more over its 
whole surface. The thickness of grillage beams is seldom J inch, so 
that thirty or fifty yours will practically limit the safety of many of 
the modern steel skeleton structures, 

The protection afforded to stool by Portland eeitieut lias been sub¬ 
jected to experiment by Prof. Charles L Norton.* "Tun brands of 
American cement were selected, tested chemically and physically and 
found to bo good. A sharp, clean bank sand mat fragments of trap- 
rook and flint were thoroughly washed and used for the eoiierete. 
The cinders ii'nr u'uxhal and dried; they tested distinetly alkaline 
with a small amount of sulphur. All the ingredients were mixed dry 
in every cast*, and when wot with a minimum amount of water were 
tamped until they flushed. 

“ Briquettes w'ere made in duplicate with both cements, viz., neat 
cement, one purl to three of sand, one part to live of broken stone; 
cement one part, two of sand, and five of stone; remeut one part, sand 
two parts, and live of cinders. Specimens of mild-steel rot In 0" i \" 
diameter, mild sheet-steel plates 0" t l" I thick, and strips of ex¬ 
panded metal 0" t l" wore all cleaned bright. All three pieces were 
put into each briquette and were enclosed in separate tin boxen, which 
also contained a specimen of each metal unprotected. (hie half of 
the briquettes wore set hi water for one day and the rest for seven 
days before sealing them up tight, One-quarter of the boxes were 
then subjected to each of the following exposures. To mi atmos¬ 
phere of steam, air and carbon dioxide; to air mid steam; to air and 
carbon dioxide, and the other samples set upon a table in n room with 
no special euro as to their temperature or dryness, 

“At the end of three weeks the briquettes were cut open and the 
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Tlu* locution of the must, .spot was ini'uriahli / coincident with either a 
void in the concrete or a badly runted cinder. Rust had as usual pro¬ 
duced rust. 

" In the mure porous mixtures the steel was spotted with alternate 1 
bright and rusty ureas, each clearly defined. In both the solid and 
porous cinder concrete many rust, spots were found, except inhere the 
concrete had heen mixed ecri/ met, in mhieh (vr.se the materj/ cement had 
coaled nearly the inhale oj the uteri tiler a paint and protected it, 

‘’Some briquettes made of finely (/round cinders and cement in 
varying proportions up to one of cement to ten of cinders and exposed 
to moisture and carbonic acid showed how effectually the presence of 
the cement prevented rusting, provided then 1 wen 1 no cracks or crev¬ 
ices or distinct voids. The corrosion found in cinder cement appeared 
to lie mainly duo to the iron oxide in the cinders and not to the 
sulphur. Cinder concrete, well rammed when wot to fill the voids, 
is about as effective as stone concrete in protecting steel.” 

These latter conclusions would depend greatly upon the absence 1 
or low percentage of iron oxide and sulphur in tin* cinder. To render 
these elements inert to iron, there must be enough free alkaline sub¬ 
stance in tlu* cement to saturate tin* acids without disturbing the 
general composition of tlu 1 cement as a binding element. 

If the metal is painted before the application of the concrete, what¬ 
ever its composition, the eontimums void left over the whole surface 
of tin 1 metal by the decay of the paint is the best possible condition 
for inaugurating corrosion. Air and moisture will find ready access 
to this void, also to tin* voids left by building bricks and terra-cotta 
j,locks, the porous nature of which are favorable to the condensation 
and alisorption of moisture and atmospheric gases, that are more 
highly charged with corrosive elements in cities, tunnels, subways, and 
other locutions where the use of structural steel work is in most de¬ 
mand. 

How far the protection of ferric foundations, cither near or below 
the water-line in the many struetures already built, or in progress in 
all parts of tlu* world, has been considered by their architects and 
engineers time only will reveal. For those proposed, like the miles 

d. * i * i , . 1 w., 2ti tiom tk la tt irtvut t ti rfi Tl ( f wlli 'll Will 1 


protection L’rom corrosion must he employed than Inis t nr been 
adopted. No wash or trowel e<»nl in# of eemeitl. cun! nr had, ur 
applied in mass, will avail for hut a short period t• * protect the metal 
that these structures must, rely upon for a great part <»| their strength, 

The hardness and inelastic character ot cement or mint nr coatings 
will cause them to crack under the vibrut inns im-\ ital>le to rill rail* 
way structures; and while resisting water in mav*. the\ will absorb 
moisture sullicieut to hi' always damp and in that condition are of 
tin', least strength. 

The wires of the anchorage ends of the cables of (he Niagara halls 
suspension bridge W'ere. opened for a short distance where l he\ entered 
the anchorage pits. 'These ends weir embedded in h\ drauhe cement, 
and at the end of forty years many of them had become mi corroded 
that the strength of the structure was seiiotish impaired. The cor¬ 
roded strands wen 1 replneed by new wires, and the top pat t of the 
anchorages opened to allow the cement work to di\ out and remain 
dry. lit this ease and with all ferric material embedded in concrete, 
the enustie action of the usual make n! cement, whether damp or 
wot, will furnish the carbonic acid necessary to dr* h oy am linseed* 
oil coating or paint, that covers them and induce eoi nrdon. The 
subsequent, drying nut- of the cement coverings onh delay* for a 
short time the ultimate desf rnelion of the metal. 

1 roil anchor bars and chains embedded in enueret e below t he water- 
line for 100 ami 200 years were free from rust when removed, 1 ie>h- 
water immersion, no access of air, no acid element nor iron oxide or 
calcium sulphate, also no voids in the cement wan the »<rrrrl of 
their perfect condition. 

'The present method of constructing building* wholly nr in pail uf 
steel framing and concrete, avoiding the use of buck and Unite ma¬ 
sonry as far ns possible, is causing a great deal uf anxiet y amung arehi- 
lec.l.s and engineers as to the future state uf (he metal mi emln-dded. 
That metal needs some* additional protection from the rnuMir action 
of the impure cements loo frequently employed. also from the quick¬ 
lime mortar, beyond the usual coat of paint, is recognized. 

At a late meeting of the Knglish Architectural ,\,Hh| If in lion, Mr. 
II. Humphrey gave as the result of his experience t hat met a! buried 
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other compound containing pilch and Hand; that some samples of 
cinder concrete analyzed us high as three-fourths of one per cent of 
sulphuric, acid. A case was cited by another member of the asso¬ 
ciation where, a hot-wuler pipe laid in cinder concrete was rotted 
away in a very short lime. 

The cinder concrete used in the floors of the steel-frame sky¬ 
scrapers in New York City invariably shows the presence of sul¬ 
phuric acid strong enough to redden litmus-paper. 

(Ins-pipes embedded in plaster of Paris (gypsum) have been found 
to be completely corroded in a few yearn. The ust* of gypsum in 
cement to hasten its setting is detrimental. Gypsum is soluble to 
some extent in water, besides it contains water from its hydration, 
which absorbs carbonic acid from the air that quickly causes corro¬ 
sion. The rust, so formed absorbs moisture and carbonic acid and 
further hastens the corrosion. 

The screwed ends of all pipes are invariably attacked. They arc 
of bright metal only about , l fl inch thick and seldom, if ever, have 
even a brush coating of any paint to protect them when put up or 
left in place. (lalvauizing the tit lings and body of the pipes does 
not protect, the screwed ends; the corrosion at, these points is only 
hastened hy the galvanizing. 

'Hie effect of corrosion upon the floor beams and other structural 
parts used in modern architectural work has been the subject of dis¬ 
cussion by tlu v American Society of Architects, the concensus of their 
opinion being expressed by one of the prominent members as follows: 

“ With regard to the strength of (he steel-rage constructions, both 
as to wind strain and other disturbing strains, then’ is no question. 
Ail objections arising from these points have been overcome, hut un¬ 
less exceptional cave is taken in the const nudum to protect the steel 
cage, particularly at its joints, from corrosion, this class of buildings 
will not he permanently safe. It is perfectly feasible, with great 
canx to protect the steel frami's from corrosion, hut I am convinced 
that many high buildings have been put up in this country where the 
proper cure in this m»pect has not been taken nor the necessary' 



stories, the paint was dead and corrosion established, '1 his was par¬ 
ticularly noticeable in many port ions of the beams where (lie usual 
top dressing of coal cinders had been laid to level up the arches form¬ 
ing the foundation for flu 4 artificial stone sidewalk, the ri\etihat 
held the corner angle-irons to the beams were nearly all loose trout 
the corrosion around their heads or points and had 1«M their set or 
draw. 

In marine work, hydraulic cement is used almost exclusively ns a 
brush coating on the inside surfaces of the ships frames and plating 
in the lowin’ holds of the vessel where the metal is exposed to the 
action of bilge-water, alkaline and acid solutions from adds, and 
leakage from the cargo liquids. One or more wash coatings of cement 
are applied over the red-lead, black-varnish, or other oil paint coating 
laid on during the construction of the ship, and that generally serve 
to protect, the metal during this period, The coatings iu the lower 
part of a ship arc damp by reason of the confined saturated sea air, 
but the cement (if good) forms a close, clinging coating that seldom 
fails unless by tneelmiiicul injury or improper mixing or application, 
and is easily repaired if injured. 

The confined span's aboard a ship almost preclude the use of an 
oil paint or varnish, however quirk drying it may !>c, without the tise of 
forced ventilation to provide the oxygen necessary iu the di \ iug of 
paint. Such ventilation is practically impossible in a ship at sea, 
or in most cases iu dry thick. 

Cement for rendering, with the object of making brickwork water¬ 
tight, should be mixed with an equal part of absolute!) dean sand free 
from salt or sea-sand. Cement for any use should 1 h< tunefully turned 
over by the shovel and exposed to the air Indore being mixed or 
wetted. 

Brickwork is one of the worst surfaces to hold a paint, good or 
poor. A hard-burnt brick will absorb .X oimees of water, a salmon 
brick nearly 11 ounces. Brickwork absorbs most of the oib in the 
paint, leaving the pigment on the surface of the bricks without sufli- 
cicnf bond to hold it., anti it peels in strips. This {teeliug h hastened 
by the caustic action of the cement or lime mortar ami the soluble 
salts in the sand of the mortar, which soon destroys the organic mat- 





A silicate of .soda nolulIon made from equal weight* uf silicate mid 
warm water, and applied wild a brush, is also recommended fur pve» 
von ting tlui pooling of paint on walls, but for outside exposure* it in 
not so effective as the above arid t real men t. 

Water proofing lin'ckx amt Sttmlxlmie. At a rerent meeting of the 
Australian Association for the Advancement of Science, Professor 
Liversidgc road a paper on the M Waterproofing of Brick and Sand¬ 
stone with Oils.” IOxpcriiucuts were made with the view of ascertain' 
ing the length of time that briok ami sandstone are rendered water¬ 
proof or protected by oil. The oils used were the three commonest 
and most readily obtainable for such purposes, vi/.., linseed oil, Imbed 
linseed, and the crude mineral oil known as “blue oil,” imed for pre¬ 
serving timber. The weatherings were made upon u flat portion of 
•the laboratory roof fairly exposed to the sun ami weather, (mod, 
sound, machine-made bricks wen* experimented on. The amount of 
oil and water taken up by the sandstone was very mm*h less than 
that absorbed by the brick, although the urea of the sumblune eulses 
was much greater than that exposed by the bricks. Kqunl amounts 
of raw and boiled oils were absorbed; the blue oil, however, was taken 
up in much greater quantity by both brick and sandstone, but by the 
end of twelve mouths the whole of the ounees of blue oil had 
apparently evaporated and the brick had returned to it** original 
weight. The bricks treated with raw and boiled oils remain uuelmnged. 
After the second oiling in November, IKfH), ami exposure for nearly 
four years and two months, they lmd practically retained nil their oil, 
inasmuch as they had not lost, weight, and were also nearly iiiqwevious 
to water. It was noticeable that the sandstone etdtrs treated with 
raw and boiled oils returned to their original weights, but did not 
appear to have lost the beneficial effect* of the oils, twang also 
practically waterproof. 

Portland or other hydraulic cements free from the sulphate of lime, 
when mixed with about 15 to 25 per cent of a red lead paint, form* a 
tough clastic coating that dries hard enough to r<**i*l the action of 
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m utiuij ni^iiuirrM m a on ursu in vv.iy llu- 
favorable situations. l'’rom a government analysis of if, the com¬ 
position is approximately HO per cent of an oil vehicle, (15 per cent 
of refined special bitumen and selected fossil resins, and 5 per cent of 
a carbon pigment. If is laid on or spread like a thin coating of mortar 
on brick masonry or plastered walls. If adheres firmly, becomes very 
tacky, and can lx* plastered over with cement or lime-mortar coatings 
that adhere firmly. When these plastered coatings are dry they can 
receive an oil paint, ol any desirable color, unaffected by dampness 
from the walls. 

A grade of the “ K. I. AW’ is also made to apply to damp walls not 
intended to he plastered, also fo iron structural work. This is applied 
with a brush, and contains more pigment than the trowel grade. If 
is thoroughly damp-proof, and receives oil-paint coatings without any 
tendency to ern/.e them or to peel. 

A grade of this composition, to bespread with a brush on the inside 
of tanks when 1 acid and alkaline solutions are stored, effectually resists 
the action of these liquids. In chemical works for flu* protection of 
the ironwork and other metals, if has shown grout resisting power. 
A special instance of the waterproofing character of this compound 
to resist, tin* action of running wafer under a considerable head is on 
flu* concrete monolithic water-power house on the St. Lawrence River 
at Massena, N. Y., where several thousand square yards ouch of the 
trowel and brush coalings were* applied, and completely corrected the 
porosity and permeability of the cement walls that were seriously en¬ 
dangering (he structure. 

Herr Win. Cramer, superintendent of the gas-works at Knskirchen, 
Germany, states: "That the annnoniacul liquor front gas-works, even 
in the weakest solutions, detrimentally a fleets flu* cement and (auk- 
walls exposed to its action. Coating tin* surfaces lints exposed with 
liquid glass (tungstate of soda) protects flu* cement, also Haulers the 
surfaces quite leakage-proof even in very old work.” 
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IIOWKU-HAUKK CilATIMiM, 

u limm'-Burfj " is the name given In the rustles* coating formed 
upon east, iron, wrought iron, and steel, when exposed to a low fed 
heat in special ovens, furnaces, or retorts, and subjected to the net ton 
of superheated steam, carbonic oxide ga* from coal tires or gas pro¬ 
ducers, hydrocarbon and hydrogen gas alternately or in combina¬ 
tion, according to the several processes invented by Bower BarlT, 
Wells, (lesner, and other inventors. 

Tlu i original inventor of the rustless iron routing was Biof, Kn-d- 
('rick S. BarlT, uf Kilhurn, Mngland, who published an aeeotmt oi his 
process in INTO, and read a paper describing it befoo* the Soei» ty of 
Arts, London; but the process did lmt prove eommei eiulh mirem*ful 
on account of its high cost and (lie dillieulty of obtaining uniformity 
in results. 

Messrs. CJeorgo and Anthony Bower, of St. Neats, Kurland, irn 
proved the process of Prof. BariT, tun l patented it. 'Hie right to use it 
in the Imbed States was acquired by Mr. t ieorge W. May mud, of New 
York. The first furnace was erected at the lleela Architectural Iron 
Works, in Brooklyn, N. V. 

The next and most important of the improvement* in tht- pi "i tre*H 
was invented and patented in INNS hv Mr. W,'t‘, Well*, of l.itfle t erry, 
N. J., who discovered that red-hot iron, in the presence of mingled 
steam and carbonic oxide, would form the magnetic or black oxide 
(rust,less coating) of iron, Ke a ( h, without the intermediate formation 
of the sosquioxide, Ke a ( ) a (red rust), the react ion* lieiug. dl «• > 111 ,n, 
*»Fe a (VMII a . This prnt ’(‘ss is the foundation for all subsequent im¬ 
provements of the proet'ss and is applicable to all form* of east, mal¬ 
leable, wrought iron, and steel where the surfaces are not to In* sub¬ 
jected to hard friction or wear, such as Ivemliug, hammering, chipping, 
or other Tough usage. 


latum that would injure llio continuity ot the coating must neces¬ 
sarily destroy the coining. Wherever the coating is broken the metal 
will rust, though the rust will lie localised, and will bo greater than the 
same exposure of the inelitl not coated, owing to the difference in 
potential between the two surfaces. 

These rust-spots seldom spread or raise the adjacent coating, as 
is commonly tin* east* with paint, or enamelled coalings. All drilling, 
fitting, screw-cutting, etc., of tin* metal should he done before 
it is put into the converting-oven. In riveting, the oxide in the 
immediate neighborhood of the rivets will be broken, and bolting 
together of parts to be connected together must be substituted. In 
work that is riveted up before being coaled, the set or draw of the 
rivets will ho released by tin* heal of tin* furnace. 'Phis, in the cast* of 
light grill, lattice, or fence work, is possibly of small moment, but, in 
work subject to tin* action of liquids or gases it cannot be ignored 
and other methods of joining the pieces must lx* adopted. Shear¬ 
ing, Hanging, sharp bending, or driving of nails through sheet-iron 
roofing, necessarily exposes the meltd, and local corrosion of the in¬ 
jured part follows. 'Pile bile of tin* vise or pipe-wrench in titling 
rustless screwed steam- or water-pipes injures tin* coating unless 
special curt* and tools an* used to prevent the injury. Tin* sen-wed 
ends of pipes and fit tings are injured if the joints are made up dry, 
hut with red lend, graphite, or other good pipe-joint cements as lubri¬ 
cants, they seldom give trouble if moderate care is exercised in the 
work. 

In cast-iron pipe with bell and spigot joints, tin* lead packing can 
be calked without injury fo the "rustless ” coating by using the round- 
nose calking-tool, instead of the usual sharp-edged tool that chips the 
coating. Hustles* pipe coatings do not appear to draw in tin* lead 
joint any more than the usual coal-tar dip coatings, from the changes 
in temperature that all pipes are subjected to when buried in the 
ground. 

'l'he mechanical finish of the metal to Ik* coated determines to a 
great extent the mode of treatment. Articles in the rough, from 
which the skin has not been removed, require a longer exposure, 
higher heat, and a more energetic oxidation than lhost* whose sur- 
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must bo cleaned by the sand-blast, ur by pickling, and the same euro 
used to remove all traces of the pickling acid by u wunii lime water 
bath and rcpi'atod washing with cold water-jet* under pressure, hh 
in the case of cleaning the metal for painting (Chapter \\ \ Ill), 
Foundry-sand upon oustings, if not removed, bake* in the furnace 
to a reddish-brown color, producing unsightly spots, but does not 
impair the rustless character of the coating, and unless the coating 
is to serve as a finish, without being painted, the spots are of no 
moment; otherwise the sand must lie removed to the eleuu scale 
surface before treatment. All hlowdmles and other defect* in east¬ 
ings must he plugged with brass or iron plugs, Iwud or other soft 
fillings are detrimental lo the notion of the fnrimee in prodtieiug a 
reliable or (ino-upponviug coating, which should Ik* a pleasing 1 due- 
gray or blue-black color. If the metal is polished before treatment, 
it acquires a lustrous ebony-black finish, very desirable upon rertain 
kinds of articles, 

Tlie iron or steel articles treated, owing to the annealing notion 
while in the furnace, are permanently expanded about •/, inelt per foot, 
for which allowance must be made where this addition w ill lie repeated, 
as in stair-stringers, columns, etc. 

The limit of elasticity of the oxide coating is practically the same 
as that of the metal it covers. The coating adheres firmly under 
tensile, torsion and compressive strains, until the elastic limit lias been 
reached, and no further, 

In Sir Joseph Whitworth ’s tests of specimens of 1 tower Muffled 
wrought iron, submitted lo tensile strain, small pieces of the oxide 
coating sealed off when the strain reached 2N.H1.K pounds |>er square 
inch, or beyond the clastic limit, and about one-half of the ultimate 
strength of the specimen. In the cast* of cast iron, the coating re¬ 
mained in place uninjured when strained to the jHiint of rup¬ 
ture. 

Mower-Mar (Tod articles can he heated to lrnq»eriif ures approxi¬ 
mately 400° Faltr. and then immersed in cold water without injury. 
They resist the. action of sea air, sea water, sulphurous, and other 
gases, ammonia, and all alkaline and organic acids in moderate solu- 
ioi . als the caustic, retina nf P till Htlfl I t in I ..if lii.f 


protective routings under different exposures resulted, viz.: * 
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Tlu* cost of applying the process must necessarily vary with the 
size, weight, find other churacteristics of the article to he treated. 
For huildt'rH' hardware and that class of articles called shelf goods, 
domestic articles, etc., the cost is a hunt 5 per cent of the net cost of 
the goods to the manufacturer. Wrought-iron grilling, office rail¬ 
ings, and the 1 setter class of scroll and fancy work cost about two 
cents i«*r pound. Wrought-iron steam ami water~pij>e is coated for 
alxmt the same ex|K‘nse {w*r |M»uiid ns is required to paint it. A 
further lieuefit to this elass of articles is, that the inside of the pipe 

















receives the same coaling ns the (‘Menial part*. Wrought iron I 
beams, channels, and other shapes entering into building eouMrur- 
tions can lie treated very cheaply; the principal e\|»ense is fux cost- 
of the furnace; the actual operating expenses are very small frac¬ 
tions of a cent per pound. 

The Iron ('olumn of Dtlhi* 

The. iron column of Delhi, India (see Frontmph et), is* ‘JO feet high 
above ground, 1(1 inches in diameter at the base-, and 12 inches at tin- 
top, with an ornate Persian capital :!} feet in height. The base has 
a Persian inscription of six lines on the western side, symbolizing 
the deeds of the Rajah Dhawa, who reigned in the ninth century »».•-. 
Beck, in his “History of Iron,’ 1 places its erection in the early part 
of the, fourth century A.n., but other authorities place it in the ninth 
century a.a., corresponding to the insrripfion ujh* u it. 

Early excavations to the depth of 2(1 feet dal not reach the hot 
tom, hut subsequently it was Found to rest upon forged iron beam.*., 
bedded and anchored to the stone foundation*. A short distance 
below the ground it is 2 feet 4 inches in diameter, ami evidently ua* 
forged from a large number of wrought-iron bloom*. Its estimated 
weight is seventeen tons. 

It stands alone above all other relics, a monument eutmuemone 
tive. of the state of the mechanical arts in prehistoric times, not only 
for its construction and preservation, hut its transportation from 
some, unknown and evidently far-distant place of manufacture and 
its erection in situ. T!uh would he considered, at the la-ginning of 
the twentieth century, an exceedingly creditable example of i ngi 
noering skill, and it will probably remain centuries after most of the 
present-day Ferric constructions have crumbiest to re-el rust. 

It is free from corrosion, and while this in a measure uiav la- due* 
to the climate of India not being lutliieive of corrosion, it cannot alone* 
be tlm reason of its protection, for other iron article *, both large and 
small, bear testimony to corrosive effects untie r the same p,\|H»sure 
and climate. A reason for its non-com mimi has 1 h*cu given: that in 
the earlier days following its erect loti it was cousidere *1 u part etf the 
religious duty of every nilgriin o (he h » v si Hi <- «.-> c ut b.l. it w 
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loft upon the column and thus protected it. Hut for the past Uvo 
hundred yours or more', so far as known, no such greased-pole gym- 
nuslieul devotions have been practised, and the coalings of oil, if any 
ever wore thus applied, must have long shun* boon dissipated, as 
they would doubtless have been palm or some other vegetable oil or 
earners fat, all of a non-siccative nature. 

The ornate capital is as free from corrosion as the shaft of the 
column, so unless the pilgrims climbed this as well as the shaft (as a 
sailor-boy mastheads his ship's truck), and possibly stood on their 
heads as a further sign of exalted zeal, the capital could not have 
received the oil treatment to protect it. The part of the. column 
underground surely had no such acrobatic oleaginous distribution, 
and is comparatively as free from corrosion as the part above ground. 
Kvery indication in the appearance of the column shows that after 
it had 1h*cu forged ami finished, the inscriptions and capital still 
bearing the chisel-marks on the ornaments, it was subjected for its 
entire length to a process identical to thut of the. modern Bower- 
HarlT process, which has proven to lu* cpiite as effective 1 to prevent 
corrosion in this instance as in any of the modern examples of this 
protective method. 



('ll Al'TKK XVII. 


(IALvanizino. Hi,K<Tun-niK\uru. vm» iitin.u \\ 11 iiituiuHi\ i: 

y.ixo t'Uuti>si.H. 

(hth'tiniiintj,* 

Galvan izino in protect tlu* surface of large article*. such a* outer 
inl,o the construction of railway viaducts, bridge*, n«*iV, utal ship- 
work, Iuih not reached the point of appreciation that jmssibh the 
near future may award to it. Certain fallacies existed for it long time 
an to the relative uu'ritH of the dry or molten and the wet or electro* 
lytieal uicUukIh of galvanizing, The latter was found to In* too 
coHlly and alow, and the results obtained were erratic and not sati*- 
factory, and hooii gave place to the dry or molten-bath processes a.** in 
practice at the present day; but the dillieuity of management in coin 
nee lion with large baths of molten material, the deterioration of the 
bath, and other mechanical causes limit the process to at tides of com¬ 
paratively small size and weight. 

The electro-deposition of zinc has been subject to tunny patents, 
and the efforts t.o introduce if have been lamentable failures in both 
a mechanical and financial sense. Most authorities recommend a 
current density of IS or 20 amperes per square foot of cathode .sur¬ 
face, and aqueous solutions of zinc sulphate, acetate or chloride, 
ammonia chloride or tartrate, as being the most suitable for deposition. 

Herman’s process has been experimented with on a commercial 
scale, the chief feature being the addition of the sulphate* of the 
alkalies or alkali earth to a weak solution of /.sue phosphate. 

Electrolytes made by adding caustic potash or soda to n suitable 
zinc salt have boon found to he unworkable in practice, on account 
of the formation of an insoluble zinc oxide on the surface* of t he anode 

..,1 O.,. ...*.. I 1 i . . . 


also constantly getting out of order, as more metal is taken out of the 
solution than could possibly be dissolved from the anodes by the 
chemicals set free, on account of this insoluble scale or furring up of 
the anodes, which sometimes reaches £ inch in thickness. 

To all intents and purposes the deposits obtained from acid solu¬ 
tions under favorable circumstances are fairly adhesive when great 
atir has been exercised to thoroughly scale and chain the surface to bo 
coaled, and which is found to be the principal dilliculty in the appli¬ 
cation of any electro-eheiuicu] process for copper, load, or tin, as 
well as for zinc, and that renders even the application of paint or 
other brush compounds so futile unless honestly complied with. 
Unfortunately these acid zinc coatings arc of a transitory nature, 
their durability being incomparable with hot got rani zing, as the 
deposit is porous and retains some of the acid salts, which cause 
a wasting of the zinc and consequently the rusting of the iron or 
steel, t'ustings coated with acid zinc, rust comparatively quickly, 
even when the porosity has been reduced by oxidation, aggravated 
no doubt by Homo of l lit* corroding agents, sal-ammoniac, for in¬ 
stance, being forced into the pores of the metal. In wrought iron, 
the cinder is porous, and holds the acid, and induces corrosion. 

The relative porosity of zinc coating, applied by different methods, 
is shown by the following micrographs, Mgs. 25 and 20, taken from 
The Engineer, September 28, 1894. 



results except for llte eonmioner articles of use. 

The Cowper-Toles process of electro-ziucing articles claims to 
overcome all these dillieullies, and plants are in process of erection 
with a bath of some I I,UK) gallons capacity, capable of turning out 
forty tons of light work per week, and in which it is proposed to 
treat the plates of vessels sixty feet in length upon one or both sides, 
and the frames of such vessels as torpedo-boat destroyers and kin¬ 
dred or aft after riveting up. These plates and frames are given a 
thin coating of zinc by this process that appears to be perfectly uni¬ 
form in character and extent whatever the shape of the piece maybe, 
and however numerous the lugs, flanges, mortises, or eofe-latles. It 
is called “zinc.-JUtxkini]”; that is, coating the iron or stool article, 
after pickling and cleaning, with a thin coat of zinc about one ounce 
per scpiare foot of surface, which resists the inclemency of the weather 
and mechanical injury as well as a thicker coat, and is found to afford 
.sufficient protection in most cases, and is adequate protection until 
such time us it is ready to receive the usual paint coatings. 

To obviate any tendency of the paint to peel from the zinc sur¬ 
faces, as it generally manifests a disposition to do, it is recommended 
to coat all the zinc surfaces, previous to painting them, with the 
following compound: One part chloride of copper, one part nitrate 
of copper, one part, sal-ammoniac, dissolved in sixty-tun* parts water, 
and then add one part commercial hydrochloric acid. Win n the zinc 
is brushed over with this mixture, it oxidizes the surface, turns black 
and dries in from twelve to twenty-four hours, and may then he 
painted over without danger of peeling. Another and more quickly 
applied coating consists of bichloride of platinum, out* part devolved 
in ten parts distilled water and applied either by a brush or sponge. 
It oxidizes at once, turns black, and resists the weak acids, rain, 
and the elements generally. 

There arc also a number of trade-mark, or proprietary, mixtures to 
prevent the peeling of paint applied to zinc. " Tidier,” an Hugledi eum- 
pound, and “Galvanum,” an American paint in light-brown and dark' 
gray colors, are favorably recommended. Turinm ami asphaltum 
paint, containing a largo percentage of bisulphide of carbon in the 
vehicle, also adheres well to galvanized iron. Its nauseating odor 
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CJnlvnnized-irmi sheets llint art 1 corrugated after galvanizing 
corrode more rapidly limn uueormgaled sheets. Sharp angles and 
twists in the sheet also corrode quickly. Tin* thin zinc-coating atoms 
are brittle naturally, ami are opened to allow moisture to reach the 
metal they enver. This being a more elastic, metal, plates coated with 
it do not show the bending effects so strongly, yet they are apparent. 

1 )onble>eoat(«il tin, zinc, or (erne pint oh an* from two to three times 
more resistant to com is ion than single-coated plates. The, second 
coating, like the second coat of paint on a painted surface, (ills 
the shrinkage, cracks, and pores in the first coat, (lalvanized-iron 
pipes used for gas ami water service in the ground have only a life 
of 12 tw 15 years, 1 lit* outside coaling of zinc being destroyed by gal¬ 
vanic action induced by the acid elements in the soil. If the soil 
contains furnace cinders, the corrosion is hastened. The screwed 
ends and other parts of the pipe where the galvanizing has been cut 
away tire the parts first corroded. In general all galvanized pipe¬ 
work is ho poorly cleaned from mill-scale and grease prior to galvan¬ 
izing, that the pipes are less enduring than with a common coal-tar 
pitch dip coating. 

Zinc surfaces, after a brief e\posure to the air, become coated 
with a thin film of oxide - insoluble in water, which adheres tena¬ 
ciously, forming a protective coating to the underlying zinc. So long 
ns the zinc surface remains intact, the underlying metal is protected 
from corrosive action, but a mechanical or other injury to the zinc 
coating, that exposes the metal Iwneuth to the presence of moisture, 
causes ti very rapid corntsimt to be inaugurated, the galvanic action 
being changed from zinc positive to zinc negative, and the iron as 
the positive element in the circuit is corroded instead of the zinc. 

W hen galvanized iron is immersed in a corrosive liquid, the zinc 
in attacked in preference to the iron, provided both the exposed purls 
of the iron and tin* protected parts are immersed in the liquid. The 
zinc has not the same protective quality when the liquid is sprinkled 
over the surface and remains in isolated drops. Sea air living charged 
with saline mat tor is very destructive to galvanized surfaces, form- 
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'Hu Is oftt'ii milled to llu* hot. lmtli for Liu* purpose of obtaining a 
smoother surface ntul larger spangles or facets, but it in found to 
shorten (he life of llit' routing considerably. 

A portion of ti zinc, routing applied by the hot process wuh found 
to be very brittle, breaking when utteuiptH were made to bend it; 
the average thickness of the routing wan .015 of nn ineh. 

An analysis gave the following result: 

Tin. 2.20 

Iron.. . .. 2.7S 

Arsenic. tract' 

Zinc (by dilTerenee). 01.02 

A Kinall quantity of iron is dissolved from all tlic* art idea placed 
in the molten zinc lmtli, usul a tlross is formed amounting in many 
eases to 25 per rent of the whole amount of zinc used. This zinc-iron 
alloy is very brittle and contains by analysis (1 per cent of iron, and 
is used to east small art ornaments from. 

Nickel coatings produced galvanically will not protect iron from 
corrosion unless .02 inch thick. 

A hot galvanizing plant having a bath rapacity of 10 feet by 
4 feet by I feet 0 inches outside dimensions, and about 1 inch in 
thickness, will cost $025, and will hold twenty-eight long tons of zinc, 
which at four cents jmr pound will require 125(H) to Pill it; the heat¬ 
ing of this mass of metal and its ever-changing cold immersions, 
with the waste by dross anti extra thickness in spots, is a constant 
source of annoyance and expense. 

'Pbe cost of an elect ro-cheiiiical nr wet-lmtli ('mvper-Coles plant 
of 07(H) gallons bath, size Ht) feet by 0 feet by 7 feet, will be but 
slightly more than the hot bath given. There is no dross formed 
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Both pickling and hoi, galvanizing reduce the strength, distort 
and render bridle iron and steel wires of small sections. Zinc fuses 
at 775° F. and vaporizes at s;«) H F. Hence the necessity of the sal- 
ammoniac bath that covers the molten zinc, prevents volatilization 
and acts ns a flux to unite Hie zinc and iron. The bath is usually 
kept at about 1000° F. Stool wire; of high breaking strain has its 
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ot rendering it woruucHH. 

The Oowper-Ooles or cold-galvanizing process in um l for the 
purpose of zincing the skin plates mid frames of the tur{H*do-lxmti< 
and torpedo-boat dcH troy era built for the Kuglidi navy, A phui 
and e.lovalion of thin plant is given in Tht En<jtmn\ l*eb. 2X» IStH, 

The industrial importance of the successful applieutiou of this 
cold-galvanizing process can hardly lie overestimated, even if its 
application is only to the marine constructions of the future, and 
it is found to be in any degree inapplicable It* our present structures 
and vessels in use. The peruuuteney, eontinuil\. .strength, and den¬ 
sity of the coating given by this prunes* i* in all re*|>eetH equal to 
that of hot galvanizing, and the thickness of it can U< made superior 
to that given by the hot. (lunsiderittg the success that has attended 
the use of zinc to prevent corrosion in marine Imiler*, w hete concen¬ 
trated hot saline fluids are the excitant medium, aided h\ the elec¬ 
trical couditioiiH attendant upon the combustion of large quantities 
of fuel, it may not be considered a wild prophecy to cxjteet that with 
all of the internal metallic parts of a steam vessel protected by no 
application of zinc plates secured to the framework of the structure 
similar to the application of zinc to marine boilers, that these plates 
may receive the energy of corrosion, ami if not ueutializiug it entirely, 
at least pass it along in the form of a deposit to coincident pockets, 
whore it could he removed, the same as Is now done with the wash¬ 
ings and dirt from the fire-room hunkers and ballast chandlers. 

This internal electro-chemical process of protection docs not 
appear so chimerical as at first one might supjK»se. In , Hetirv Wtirtz * 
has proposed the protection of mining plants subject ft* the intend 
fied corrosion due to the decomposition of pyrites and other mineral'* 
in the mine waters, by connecting all of t he metal isn't ions of t he 
mine, afl the negative elements with a ilymmio of sufiieiiuit force to 
Overcome the strength of galvunte energy due to tin* surfaces r\|H wd 
being excited by the enrrosive liquids in the mine, the jH»sittvc ter¬ 
minal to b(' emmected to a mass of hard coke in the mine sump. 
These conditions vary but slightly from those existing in the ship, and 
it is not improbable that experiment will determine that Iwith these 
systems could lie made to work successfully. 




mi Domes, aim sei up vouuic union m all eavilieSj lissuves, seams, 
and contact surfaces in the metal, Avhic.h, though alight and not 
easily detected, will in lime enlarge and wanks them away svdlicienlly 
to sup the strength of the muss. 

Metallic Hulls and acids in mine waters intensify the corrosion of 
all metals exposed to I heir mi ion. 'l’lie metal work of railway tunnels 
is also disastrously nffeeted by the condensed vapors of sulphur, 
carbonic acid, and the ever-present moisture due. to such locations. 
The corrosion of the metals decreases the resistance of the water to 
voltaic circuits, this corrosion by liquids being voltaic phenomena in 
all eases. In many eases it is intensified by the moisture being in 
the form of drops insteaU of being uniformly spread over the whole 
surface. 

Acids and acid salts which arc capable of taking up iron oxides 
into Holm ion still further enhance the destruction by removing such 
oxides and exposing the surfaces of the metal to a fresh attack of 
the corrosive element. The saline matter in solution that excites 
voltaic action need not be acid. Any neutral salt which decreases 
the resistance of the water will qualify it to act as tin 1 necessary liquid 
medium of a voltaic circuit, Sea-salt is the commonest of all such 
neutral salts, together with the other chlorides and sulphates of sea¬ 
water. It enables corroding voltaic action to lu* set up on all ferric 
bodies immersed therein or in I he air impregnated with their substance. 

The Journal of the Sorirtif of ('hnnirol InJuslri/, London, February 
2K, tKill, details some e\{*eriments with the galvanic action of sea¬ 
water upon iron and steel structures in various relations with each 
other, such as the constructive parts of trusses, boilers, etc., to pre¬ 
vent the corrosion for which I hr use of zinc and other easily oxidized 
metals and alloys are suggested, and to he mi placed and connected 
to tlie structure that they will form the electro-positive element of 
the ever-present galvanic circuit, and by their decomposition protect 
the structure. 

Mr, D. Phillips, in a ptqwr read Imforr the Institute of Civil Fugi- 
neers, in cited the result of no exjMTUuent, where “surfaces of 

bright pieces of plate iron, immersed in cold sen-water for over ten 
years have been thoroughly protected from corrosion by the aid of 
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whatever. 'l'lii’ Wider was rhangi «1 twice nsuimdh , him I I he oxide 
removed from the //me hy tiling, t inlet* fhe>e I'lniiiii'.iniirr. the iron 
became gradually eunted wifli n film of leaden minted deposit when 
wet, Imi. hard and white when drv. Tlte efTeet in other te-qH-ets was 
that, on every occasion that the oxide ttie ifimaed h«mi the /iue and 
th(' deposit from the iron sprrhueim, on Wing let in lied to the water 
small globules funned cm the /.iue, and on reaching iueii in diam- 
('ter relt'UHed themselves iitid flew to the *m face " 

The proportions necessary tu hemiv mmplefc protection from 
corrosion in murine boilers are one square foot m /me to fifty square 
feel of healing surface in new boilers, which mav 1 m- dimini shed after 
ti time, to one in seventy-live nr even one in one hundred »qmue feet. 
Merely placing the /.iue in trays, hungrm. or snip-* m// »../ injure 
metallic contact, The better uml generally rer<*guwi-d method of 
fixing lilt' zinc is to pi act' a uumWr of stud** in the ^i» !*--» of the furnaces 
and combustion-chambers, and to holt on to the-»r -*tmh< the /iue 
plaloH, wliieh should he about 10" *,ti" - 1", It i . smfmrtant to see 
that, the contact surfaces are clean and Wight, ami the nut screwed 
close down to lilt' r.iuc to exclude the w;iml deposit-* ftom the 
contact surfaces, thus comparatively insulating them and preventing 
the galvanic action. Otherwise the /.iitr in acted upon mo-ulv a« a 
solvent that renders the water iusmenoiH or non exriting, hut dues 
not. prevent the water from forming n hard scale when if is saturated, 

Sheet zinc 1ms proven to be a durable rooting material. Zinc 
is reduced in density from O.Ntl to 7.2 in the proee^ of lolling into 
sheets, which closes the pores and renders the metal W* affected 
than tin-plate from the ammonia, earlHtuie arid and atmonphetie 
gases. 

Berlin zinc roofing-plates (uupamted) have Warn found to 1«* not 
materially affected after many years* exposure. 'Hie weather homed 
a thin film of oxide on their surfaces that effectually prevented further 
oxidation. A few eases reported are as follows. 

The. Cloisters of Canterbury were covered with /.ism roofing and 
wore uninjured after fill years. 

The Portsmouth Dock Yard Buildings’ roofs were uninjured after 
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of fluxing or non-drying oil 11ml fills the pores of tho tin, and if Uio 
roofing is painted soon as laid, this film prevents the paint from 
adlioring to tho tin, just as a nmehiuo grease prevents a paint from 
bonding to a surface. A fow months’ exposure to tho atmosphere 
slightly oxidizes tlit* tin, and this oxido absorbs tho oily coating and 
allows tho weather to wash it. away and the paint has a clean 
metallic, surface to bond to. Tin-plates doubly dipped arc loss por¬ 
ous and more durable. 

Tho quality of commercial tin-plate is greatly inferior to Unit made 
forty years ago, and appears to retrograde yearly. Load, antimony, 
and other metals are mixed with the tin in tho dipping-bath, and 
greatly reduce its resistance to corrosion. None of the adulterants 
form a (rue alloy; they are only mechanical mixtures. They all 
differ in oxidizing power and electrical allinities. The lead is electro¬ 
negative to the tin and zinc, which again arc* of opposite electrical 
natures. 

The amount of sulphurous and carbonic acids and ammonia in the 
atmosphere is enough to form the excitant element needed to decom¬ 
pose them one after another, until the coating is math' porous 
and tht* iron is corroded in turn. The life of tin* tin-plates is also 
governed in a great measure by the want of can* that they should 
receive in the preliminary pickling with muriatic acid, to free them 
from the mill-scale that always attends their rolling. Ordinary 
washing with lime-water does not remove the whole of this acid, and 
the tin coating usually has a double galvanic pile in a sandwich form, 
ready for duly on tin* least encouragement. 

There are brands of tin-plate as honestly coaled at the present 
day, and as reliable in all resjierts, us any ever math', but they are 
an exception, not the rule. Price and the gullibility of the purchaser 
govern, us in many other modern industries. (Sts' Fig. (5, page ,TX.) 

lied-lead paint routings soften tin roofing, but do not wholly 
destroy it, although stunt* of the tin may be changed to a white oxide 
that is easily removed by atmospheric influences. 
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Tin*: different substances known inert |*tK*u**uI j* are umnl to a 
groat extent in the preparation of nearly nil mixed paint*, particularly 
in tho house paints, where Uu* amount of one or inure of them fro* 
quently exceed* that of tiu* hnac pigment. 

However admissible their urn* (on am unit of cod only) nmy 1 h< in 
paints not classed m protective ferric coaling*, ita-tr durability in 
any case is determined hv Uu* character of l li«* weakest element in 
the associated group to resist atmospheric condition*. whatever Uu* 
bant* pigment may bn, 

Tin* manufacture of " i*Untt /« nix " would W* almost nil voir it 
not for the very liberal use of these inert pigments. They me said 
to corn'd, almost every detrimental quality in the lunar pigments. 
Vet with all of their boasted virtue*, there in banSly a tnmmfm*turer 
of paint willing to admit their use, or that will furnish an wmU*i> »*f 
his product that contains them, 

Many of the uses and character id ten of these if tnia, /or/i/hf«, 
or (ttlitllrrnnlx have land mentioned in the basic pigment* rlmph is 
amt t'lscwhere in this work, hut tire brought together here for nan 
par hum and ready reference. 

Carbonate of limr (CaO») in want' form other than as quirk- 
lime (calcined limestone or marble) is often used up n dt sir able adul¬ 
terant of many paints. It is claimed to 1«» ajtecinliy favorable to 
correct the sulphur element present in iron oxides. 

(■hulk is a friable carbonate of lime that, on account of its cheap¬ 
ness and several colors, is the most used. Its n|teeifir gravity is 2.2 
to 2.8. According to the basic oxides in it, the rotors are* white, rid. 



VVlmmg, wilt'll useu us u pigmem, is name u> umu a cuenucui 
reaction lift ween t lu* oil and itself that results in the formation of a 
lime Htmp, wliieh is not at all a durable substance. 

Putty, however (a mixture of whiting and oil), in a very durable 
body, and withstands atmospheric exposure, and water remarkably 
well. In this form it illustrates the theory that the pigment is the 
life of the paint. The small amount of oil in the composition of putty 
is the cause of its cpiiek drying. Its mass, when applied, greatly 
exceeds that of a paint coating, and its shrinkage solidifies, instead 
of rupturing it, by a movement in a number of directions, as in a 
paint. 

Hari/tr* {Ilnti'if SjKtr), Ha .St > 4 . Specific gravity, 4.3 to 4.7. The 
natural sulphate of lmrium, consisting of one atom of barium oxide 
(Hat)) (15.(17 per emit, ami one atom of sulphuric acid, 34.33 per 
cent. It is the heaviest of nil minerals, and is found in all stages of 
purity, in transparent, colorless, white to yellow crystals, also in a 
granular ami compact form in heavy beds resembling marble. Lt 
is common in nil metallic veins, allied with, or changed to, calc- 
spar, spathic iron ore, eerussite, quart/,, lintouite, pyrites, and other 
substances. It is the white variety that is ground for a pigment, 
but lacks the opacity or light-reliediug or coloring power to form of 
itself a good pigment. It grinds hard, splintery, and irregular, and 
is used to give weight to paper-stock, zinc oxide, gypsum, and all the 
other light pigments that lack weight to enable them to masquerade 
us white lead. (See Chapter VI.) 

Barytes brightens light-colored paints, though of poor coloring 
or light»dis|H'rsing power; also spreads easily and naves oil. It is 
mixed with nearly all pigments, and by the use of a stiff or short 
bristle brush, covers u large surface with a resemblance of a good 
paint. 

White lead does not cover so well with barytes, but zinc oxide 
covers 1 letter. Zinc oxide lacks weight that barytes furnishes and 
also saves oil, ml vantages not ignored by the cheap painfc-oom- 
poumlers. Barytes does not unite with the oil in any degree. From 







pet I'HI, IM CUM.UI win ~ r> i III art muni u» wau.ii iOllU Or ZlllC 0X1(10, U10 
temptation to use it in place oi those pigments is not always res is Led. 
As n nth 1 no responsible paint tirm with a business reputation to 
sustain will sell a Imr.vtes adultomtod paint under their name.. 

Additional data uliotit the presence of bury ten in a paint is given 
in Chapter XXIX. The covering and coloring power of barytes in 
comparison with white lead and zinc oxide are shown by Kig. 29. 



Hrit k-tluHl i> used to a large extent to adulterate red lead and other 
red paint*; even the Ion prire iron oxides do not escape it, particularly 

♦ ... i................ ..... t* . . t\ litlH t itt iiuimp 






with oilier ]>roporlioiiw of tin- same ingredieux whether upplitvl 
to wood or iron. In general the tiles added nothing in the quality of 
the paint, only reduced the cost of it. They tire practically uuositli/,- 
able by atmospheric. inlluetiees or weak acidulous stthuioie., and are 
elcetroiiegnlive to niettds or their oxides, tu mi v elretioh tie aetiou 
set. u|) 1»y any chuho in a paint, coating "f which brick-dust is a part, 
th(' lemlency will be to decompose the other pigments, pos-dhh, before 
electrolysis is developed in the covered iron nurture, (See page o.'f.) 

Feldspar. Specific gravity, 2,f> lo2X 1 )eeompo*e<l mien, granite, 
gneiss, and most, forms of basalt form thin dims of adulterants, and 
are all inclined to further decomposition on expowtuv to the west her. 
Many of the fire-clays list'd in the manufacture of fire-brick me broken 
down and decomposed feldspars. Its uw in the composition of a 
pigment is of the most unreliable churaeter in nil respeem. It is as 
poor a substance for an adulterant aw nature furnishes. Mixed paints 
frequently eontain If) to 20 per cent of it. Feldspar carries a large 
amount of water loosely held and frequently aeidulnied, ah*o and, 
etc. It is easily whipped up in the oil and mixes well with graphite for 
dark-colored paints. 

Oi/pmm (Fulphnte of Linn ). .Natural mineral t Itvdrnfed). ( at t.St), 
Tll a O; calcined, OnO.SO,. Specific gravity, 2.1 to 2X Hlie nat¬ 
ural miiu'ral ground is the plaster that farmers use »»u their crops 
to attract and condense atmospheric moisture, Calcined to expel 
the one atom of water held in its natural state, it U-eomes the 
common plaster of Paris, used for the hard linidi of plastered watts 
of buildings. The process of grinding is supposed to drive off the 
one atom of water it holds naturally, by the heat developed in the 
dry grinding-mill, but- this is soon replaced upon a short exposure 
to the, atmosphere, and when used for the hard finish, it must h< 
heated again to dispel it, or a porous wall eon ting results. A hydrated 
sulphate of lime con Inins over IS per cent of water. 

When used in the composition of a paint, it must lie thoroughly 
calcined, and is so specified hy parties who allow- its t|se. Neglect 
of this carries the moisture into the paint, where wm.r portion of the 
sulphur element in the gypsum is released, amt combining with the 


nomonon familiar to all painters, Imt not always attributed to the 
right cause, viz,.: Ion much of a sulphurous adulterant. 

(lypsmu grinds easily, is opaque, and incorporates readily with 
most pigments and the vehicle. It is not liable to set or settle in the 
pnintduiekel or package, and probably is the best of all the inert 
substances to use as an adulterant. 

The extra atom of sulphur in the natural mineral other than that 
necessary to form the sulphurous-acid compound is strongly com¬ 
bined, but if the mineral or ground pigment is calcined at a tempera¬ 
ture higher than that necessary to release the out' atom of water, 
the sulphuriemcitl atoms are excited to a degree that will afterward 
manifest the same destructive properties as the same element dot's 
in any other pigment nr substanee, and as noted above in the "liver- 
ing" of tlie green-paint mating. 

A synthetical sulphate of lime is supposed to be formed when 
iron ore is roasted in a furnace in contact with a quantity of carbon¬ 
ate of lime. The roasting process, Iwsidrs driving off the moisture 
in both the iron ore and carbonate of lime, and a purl of the sulphur 
in the iron ore, excites the remaining atoms of sulphur to leave the 
ore, and combines with the now anhydrous carbonate of lime, CaO, 
and forms the anhydrous sulphate of lime, ('at hS() a , described above. 
'Pile proeess is an unsatisfactory one, ns the carbonate is generally 
added in great excess of the amount tussled to effort, tlit' chemical 
combination with the sulphur to form the sulphate. When the roasted 
iron ore is removed front the furnace to lie ground, the sulphate is 
not distinguishable or separable from the tmeomhinetl carbonate of 
lime, and both are ground with the ore and appear as adulterants, 
that nmv lie f», It), or 211 per cent, or ns touch us can ho unloaded 
upon the consumer. 

In whatever amount these lime priHlucts are prmont in the iron- 
oxide pigment, thev are both, like the oxide, anhydrous, hygroscopic, 
and readily attract niobium, frequently A jmt cent in oxide pig¬ 
ments that have l«*eu nun to for some time. 

The synthetical sulphate of lime formed in the roasting of cop¬ 
peras, iw diwrilied in the preparation of that substance for an iron- 
oxide pigment, is of flu* same character as that from roasted iron 



any permanency m color <>r pmiremr tjuamie 

Kaolin (.1 an I'li'tm '/'trrit Allnt }. A clav nt tin- •nine rSu- v * a-, pipe- 
Hay, China Hay, pul let's' Hu\. elf, I in- tvddeh e« *1« a oj ji*r latter 
bring (hit* to the in m and other metallic oxide >pen!»r gra\ if ie>, 
2.5S to 2.7b. 

Their general composition H a-* follows; 


Hulini rutcwi, 


hat* 1 


«H r»* ’ (p I 

i hu. 19 i s eh^ 1 4 Mim, 

>$!»« a».4 " Ju»r 4 i,,| 


tVlr«i|,I fljfr- l'«’S. id, t <>«!«" IVtu'ja igr, 

Alaimim.. 23 2 A 21 2 * 23 2A t*« 21 ;*s ys at n, i;, ;,n 

Silica .. 72 23 " m* to ?.i .u • i>t o:, t.-• m a;» 

hiinc.. , , m ” | .v.; 

Manama.... . - u 17 *' ita.-. I 

< of inm. ... .. t yt, n, 2 .’.I .! yo *• -j tl.7 

Alkaline earths. ..,, ,. .. y ;'i, s ys 

Snljihato of lime. t /;» • ton, ■, 

MoiHtmv.. t2 (Hi tn i t mi i ao - i .in s :,s s», u p.» 


All of (lie pigment-clays grind giva-v. and atr as ea -ih Inukrit 
(town and decomposed hy the Weather ih auv >4 ihr Ha\ . m budding 
brick or mud from a mill-pond. 

Mixed with laic, I he Hays art* >*u j tj •« »set 1 f < i add "smiho ai (v outage 
to pigments of a granular diameter. What that advantage H the 
mil hoi liiiH never been al ile to ascertain, I nit !»• K to *w •» tin«\ eatiw 
paint, to peel or crack. 

il/ur/. Specific gravity, 2.1. It i* composed of; 

( arlinnate of bine, . , ... . All pet rent, 

Silica .. 12 ” " 

Alninina. ;}p •• «< 

Oxidi'H of iron and manganese. ... 2 " H 

Water. } *• *« 

11MI " u 

T1-h gray color prevent a its use as an adulterant of the white pnittK 
Imt in the tinted colors it in lined quite as freeK an kaolin or chalk. 
It w difflnilt to pulverize m, am,uni of its grra*v nature, it wives 

1 i . .... i . ... 
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Ochre. A yellow clay containing from 8 to 15 per cent of water 
loosely held with large amounts of sand, also marked quantities of 
iron oxide and sulphur. When moderately heated, the lovvor grades 
of ochre contain sulphur enough to change their color to a pink or 
low red. 

The common grade's wore formerly used as a coating for tin roofs. 
They were always subject to blistering, from the largo quantity of 
water they carried into the paint. It is an adulterant without a 
single inert element in it, and its presence in a paint is generally 
accompanied by as poor a quality of oil as it is a pigment. 

Silica (Si.SU 3 ). Specific gravity, 1.9, 2.5, 2.K. Is a sulphate of 
silicon containing one atom of silicon combined with one atom of 
sulphurous acid, 11 is found in crystals of different degrees of 
transluceucy, and forms a component part of all metallic ores; 
of iron ore, frequently, 50 per rent. (See Analyses of Iron Ores, 
Chapter 111.) 

In its natural form it is one of tin* most imperishable of all min¬ 
erals. It grinds hard ami splintery, and is dillieult to reduce to the 
fineness require! for a pigment. Manufacturers of si lieu products 
subject (he crystals to a bright-red heal and quench them in water, 
causing them to fracture and grind more easily. However, the 
calcination drives off a part of the sulphuric acid and renders tho 
fallen caustic, the latter condition is not a favorable one for any 
pigment. inert or basic. 

Silica is not affected by sulphurous gases, acids, or alkalies, 
delated silica or silex makes an excellent wood-filler paint. All 
silicas are diflieult to hold up in oil, and on settling, cake very hard. 

Suntl, generally stipposnl to be the same substance as silica, is, 
however, of quart/, formation as nn oxide of silicon, specific gravity 
1.11 to 1,7ti. oui\ nliout two thirds the weight of silica. It grinds 
haul and splinter) . or m an irregular crystalline form, and is difficult 
to grind to a pigment. 

Neither silica nor sand mix with other pigments, except in a purely 
tneclmuieal maimer, differing according to the specific gravities (if 


turn- of jmints will acknowledge, ’Flu* eovetiug povu-r of >ilira is 
shown by Fig. 20, 

Fine Hand is used for an application to green paint * m exterior 
surface's with a view to affording nn extra protection from atmos¬ 
pheric effects. It in ail eases hastens tho deeav •»! the paint It 
holds the moisture, dust, and other organic snlct niires, and their 
easy mid early deenmp<tsitiou n^ult*, Uh >tem torus more readily 
undt'r a sand-cotited paint than with a paint alone 

Talc (Slculitv or Smijm(am), Specific ginvtly, 2 do to 2,8. 
(Irinds greasy and flaky, is itteliited to eame a paint to perl, and is 
repellent to the oil. Us use with kaolin lm> Iwen given, U U tines 1 
for a special adulterant of fluke and other graphitic curUm* (mt 
Chapter XIII), As a pigment it him no ipmhtteH whatever. As uti 
adulterant its function is to enable some objections! »le MiieUanct' to 
attempt a mission that could lw* better performed l«v a *t might pig¬ 
ment. 

The above list does not exhaust the substance* known a-* ndttl- 
terants or miscalled " inert “ pigment*. An protective rm rring* for 
ferric bodies, llie protective effects of the inert pigments in use with 

11... i..i.. ..‘ii i. t i * .1. . ■ . . . i . i . .. • 


their value (see Chapters XXIX and XX \», Their covering or 
coloring powers are. shown by Fig. 211. 

The following amounts of inert pigments were produced and it*e«l 
in the United State's (averaged for tin* years isys to Hap i: 

Barytes, all grade*, 12*1 ,tHKI short tons, Cost of tin* crude tmuerai, 
S3.d() to S3.50 per ton. 

Imported barytes, bt ()0 tons, including some flouted, ( 0*4 of 
the manufactured article, SI0.50 to $| FtMl per ton. 

FeldHpar mined in the United States for nil purposes in Jsps to 
1001 averaged 27,280 tons and cost from SI to go pm- ton 

(Irouml slate and shale for pigments averaged 1,7m -dimt tuns, 
value from $9.50 to $10.(K) per ton. 

Of soapstone ground for pigments and foundry ime. then* we:e 
produced 9000 tons yearly. Value H| to 9 rent* per j*ound. 



(MlAl'TKlt XIX. 


HIM KITH ()K TKUI'UNTINK. 

Tuk composition of spirits or oil of turpentine is (',,,11,,,. Specific, 
gravity, I).NO t<* O.ss, with a boiling-point always near 100° F. Thu 
several varieties of eummerriul turpentine obtained from (ho sap of 
(ir- and pine-trees are more or less viscid solutions of resins in a vola¬ 
tile oil, the proportions of these constituents varying according to 
the source and age of the turpentine-tree. Some kinds are clear and 
homogeneous; others are more or less turbid, holding in suspension 
granule-crystalline musses, which gradually settle to the bottom, and 
are known to painters as "drops." 

Spirits of turpentine is the product of the fust distillation of the 
crude gum, and entem-m of about otic third spirits and two-thirds water. 
It ret purrs about twenty fri r barrels of etude gum to make two 
barrels of the spirits of turpentine, that when redistilled is known, 
ns refined or oil of turpentine 

The principal supply of turpentine is obtained from the American 
long-leaf yellow pine ttee, i'luus imluslnx (/', nux(rulix); also from 
the loblolly pine, /*, f*o/n; all products of the southern part of the 
flitted Stales, where the t ’< mifene ate the principal trees. There tiro 
rnnnv varieties of the (‘ouiferm, and all yield gums available for distil¬ 
lation into turpeut mes and iedits, 

Turpentine mudst s clueflx of a hvilroearbon oil ((' lu II ln ) and a 
resin called "t'oluplamv " ((’jail*, 1 bh Specific gravity, 1.07 to 1. OH. 
It st if tens at Ido‘to J7.V F. and melts )»e!wren lW fi and *2112° l'\ 
The spirits of turpentine constitutes alniut 17 j>er cent of the yellow 
pine-ton* sap or crude gum The Maritime jaw furnishes about 24 
percent of spirit s of turpentine. 

The exuded rum from alt of the turpetitiw-tni* is a yellowish, 
opaque, tough mans, brittle mid crumbly when cold, crystalline in 
the interior, and of u eharactrrhtie fade atal odor, a distinguishing 



P. nigra, and /’. raluiulultt, 

Thu English, from the Amtiinm «*r Camlma Pin.tr tut.inihs nr 

P. Uvtiti. 

TllO Kn'IH'h, nl* Bordeaux, l milt tin- / '< n h « nun ilium, Jv-.,.| U |»| t . H 
thu Amewun turpentine in appearance, «<d*<i, and i.i u-, mid r( i| t . 
shlered in he lltn <juic‘k«*^i tirin', 

Tho Strusburg is lhe product fmm the ,!/•»* . jutinutht and fmm 
thu spruce fir, A him ur»/ mi. 

The Venice is tin* product fmm the l»ulnnil in.i i, min, nr the' 
larch, Larix nun pm. 

Tho Hungarian is fmm t'inm pnimiw , 

Tho Carpathian, fmm the Pinna ft min a, ha* a hiliir tie le, 

Tho Cyprian, Syrian, nr Chin, obtained ns t tun, e» i§, m d,,. pntiu in 
terrbinthm. 

Totnpliu, e>r pine-tame nil, is futuidiid fmoi the rMiu-, ,,i {he p iU ux 
ptnnUio and ihn ,1/ms /« clinotti. 

Tho Canadian tiif nr Cnhuda im!>nm, fmm f JC, •, /..d-»nin.t (Balm 
of (Jiload), furnishes thu whitest and purest >4 all m the tiuprniines. 

Related In Uto true turpentine-mR am thu in.. \ .datde ml» *<t thu 
oonifuroUH plants oil nf junipur (mm tin* JunifH ? u i »>>tn nut mu, and 
tho oil of savin from t ho ./ unifa-rus hoIh »«„», 

A oharaotorisliu foal tiro in American inrputthnu > r, that they 
polarizod to tho right, while tnmt «»f thu Hitpentium fmm nthor 
sourot'H pnluriao to thu luft. 

Tho crude rosin from which thu nil nf turpentine v. diddled has a 
Hpooifio gravity nf O.im In IMIS, according fM fhr tiiuu ,f . n.Hrr. 
tion, whothor in tlu* first, Huuuud, third, nr f*mtth trur afin thu ijuu 
is boxed, or during iho titnu of eoHr.iitig tin- dii.d n.-j, s! , ihu tu t 
flow in the* spring, or flu* summer, m later in thu fall VI - it fm.-dm.. 
from sand, leave's, hark, and dirt; all of «|iirh aie i.adilv a I .--thu. I 
ity the sticky, drying sap, and an* u H h innm.-d in tl„. j,,f 
distilling tlu* gum for spirits nf tiirpujitinn, Vnother ds dilation i-* 
roejuireid to pmdtioo tlu* oil of turpentine or " fmp d* ,.f {| tl . jjnt«-r. 

hig. 30 slaws tho eild method of Imxing thu tim to enlir.t thu 
cnulo rain. 

In addition to tho exuded gum fro n livimr i* 



ling llu* rord-wnnd, urn t*.ul down niul distilled in a kiln nr oven similar 
U) that, list'd for tlu' production uf charcoal from hard wood. 










acids. The effect of tin* Use t»l turpentine m a paint nr vaineli in 
to ilntten the gloss or lustre. 

Kveu with u jam* turpeittiiu* lint more than 'A \ per rent is mlmissi- 
hle In u paint; and less than this it tin- t to petit urn i • pun tu fat t \, 
Pure turpentine-oil is adulterated w ith nude nt umliMdled tur¬ 
pentine, light-colored resin-oil, au<l ir-in, 

TlllW adulterations are defected !»\ tin- p\ udigUenm, Mliell utul 
nauseous after-taste nil the league ami in the rhauge in the vpt-cilir 
gravity. Also hy the reaetinii pmdured In ad<hur. .s nt ,t mug 

uniiuonia In Ut) e.e. (l,T„’2 culm- meh t i*« the tm pent me, The tulhax¬ 
ing are the results: 


Pure Oil nt TuriKUttuit*. 

Pure nil nf lurjM*tit im* recent l\ 

distilled. ... 

7.-M0U pniitidH per gal. 


S|.«vUtr 
f not i( % 


U,Kil?S 


Old pure nil nf till penlmi'.. , 
7.-tria l pounds \H-r gal. 


0 SOHO 


Pure tur]yontine xxilh It) js-r 

rent nf resin spirit.. . 0.H7M 

7.3100 pounds js-r gal. 

Pure turjM'utine with 10 jm-i* 
real nf ymliHtllled turju-ir 

tine.. 0 H?.H I 

7.3-100 pounds per gal. 


Pure turpentine with 10 jx*r 

cent, of win.. 

7.308(1 poimdn per gal 


0 KH31 


Ur-** Is <»»»■> « \ ant 


I l«>- till j« lU Ml* < % npitlute > 
*pnrkh . Xu n i«l<nm«, 


>utelit» : i m ii ft tv s ri'inl'i, (etsmug a 
white r» \ ntfittim- >-.iit‘<>1 Him- with the 

rmi'd'ifem \ fnsltri. 


I until an riiiuiduit, w tin h ntpullx |n*» 
mini-* rl« nr. ’t lie miiitiiiiim which 
wjiiirnli’n lm.« it pah- v rlhm i ojur. 


} nriin an i nml >h>u a liu li l*n 
rleiir •»!* itiilulitit*, git r-i is »» Mil t idle* 
parent •a-iluiM tit *4 n l-hiidi« nlnr, tile 
liijuiil nfntl v tn tug i 


Kwh drop nf iitninunm nt i In »uhd* 

ifv tin it fnlta ttsfn f lie mf, t Hs jigilm 
ti«»*t tl»e w flute ilttd It inletn- 

trill IriUiopntt lit lunnn. 


C/itirurlt riatini of (HI of Turf* nimt, 

Puro oil nf turpentine 1ms the rnuiimsitiun of H,*, atnl at a 
apeeific gravity of 0.K30 weighs 7 jMituidH jmt gullnti. At tin { , 
the gravity in 31° Bnumf', aud if weighs 7 jmumN per gallon. At 

(50° l 1 '. puro turpentine should weigh not less thirn (1.MI2 nm mure 

iln ri 7 978 iwiiiwlu » 







blot ting-paper filin'. 

An average i[uulily of turpentine boils at 320° to 350° JL<\ and 
has a flash-point of 103" or III I" V. 

Crude turpentine rrain hoi Is at 31 (i" !■*. 

Crude turpentine resin, specific gravity 0,93 to 0,05, is dissoluble 
in water, but readily soluble in ether or spirits of turpentine and 
in six parts of aleohol. The aieoholie solution has an arid reaction. 

Bromine and iodine net violently upon it. When brought into 
contact with a mixture of nitric and sulphuric acids if takes firo. 
Turpentine is a solvent of all oils and mannas gums at ordinary tem¬ 
peratures, but some of the fossil resins require a low heat to aid its 
action. 


Adulivmnlx of Turpentine, 

Kiln-distilled spirits of turpentine contains pyroligneous and 
other acids, specific gravit \, U.SU to O.N-t. 

(‘rude petroleum.speeitie gravity, 3s" to48° Brnmid; weight,7.00 to 
(1.(12 pounds per gallon, 

Betuine, speriiie gravity, f>4° to 02° B.j weight, 0,39 to 0.10 
poutnh per gallon. 

Naphtha, specific gravity, 02® to 70® B.; weight, 0.09 to5.79 pounds 
per gallon. 

'Phe pyroligneous arid in turpentine dintillcsl from dead-fat pincv 
wood settles out partially after standing, but commercial brands not 
redistilled still contain sonic amottut of the acid, 

Commercial spirits m( turpentine has a specific gravity of 32° 
BaumtA Any addition of petroleum of 40 n B. will be shown by the 
rise in the hydrometer; each 3 to .*> per cent of petroleum added 
causes a rise of l" H. on the scale. If the adulterant is benzine or 
naphtha, then the difTerence in the specific gravity is very marked and 
will at once determine the eharncter of the adulterant, it being much 
lighter than enaboil or kerosene, 

Kor the detection of resin in the spirits of turpentine, the polari- 
smpe-ti'wt ts the only one that can lie cotisideml strictly accurate, 
lutt it *w a delicate one, and requires experience to determine results. 
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M’/.e ol (lie lice , or an i 
lumlier is e\liau (c 1 am i f I 
a I toll I one 1 1 a 11 a mi < I <>\ -■ ■■ 
This u i II \ ic!< I a I ion i I' * " ill 
redial ill f o a 1 ion I 111 ",a N <»i s 
aitioilfll . if i I all e< si l< I In- r 




AtlultrmtinflM l»f t »tir VUtfi !OMll * +1) 
rcwdiH* loft nfiti' v\n\»»uttvn: n mimIJ *^unut 
sticky nature tutd trmu^m tn|»*t atim H t* igtnu 
Thr uhi* *4 tank nu* that hu\«' (tmi u»r«l t*» 
Ihuu is responsible* fur a Him! 4*ati »*i fhr noj 
Tin' crude nil <4* turpentine lints I mu i ,u: 

will curry «>\rr enough *4 the pettoleuui in ^eu 
gravity of the turpentine 

Krtau a large uuiuhet »4 tests **f c«**iuiieteuil 
State uss< n* itilintm iif painters, mui in itoh* him 
mentors* the general imnll nppear> t<* be ft*, 
samples shotted ftilultrttltinh* utneia;* A 1 
tiro no penalties for tin* adultelation *4 eiihet 
oik and when minllotatiioifi nr fn» oml in am 
orally, the detection *4 them in Uu ^*in 1 llir j 
purchasing agent or pauUrt, 

The Secretary of Agtioijltuie Im flu* 1 * 
1X1H) reports that nt I lit* present tale *4 e*»uf»u 
the lung Intf or turpentine pine util t*r mine 
yours, Praetirnlly the yellow-pme N*» 

are exhausted, un«l tin* j®t*•«lurii**n «*f intern 
cent ml in (lenrgiui Alahattui, mid tlmidii 


.S77/f/7\S OF TVRPESTll 


Sintr.s for the your IMI7» to only nix of tin* K 
us follows; 


AuMrm. ...... 

IWlgmm . . 

(kTiimii). » . . ■ 

Ituh ..... 

jWihrrlmuh, , 

Ur»’ut Hriinm. . 


flfMK&O gilllan: 

I^OON.KlO 

2j\\7m 14 

iimjin H 
11 

K # 17 II. 7 IMI “ 


Total,, . . < 

<nlu-r runoffs* 


UH2, UH) u 


niMmsnm 41 

I'liitwl Stiito* . . * . « fi/tfftl.ttlttt 14 

i iT.MMHMHX) 14 
lot ill jinnhiriian. . . ...... 1 Imrrr 



21 per cent m turpentine 1111* mi 

point (15(P F.) m that from tIs** n*» 
oilier pmpc k rt5 <*h. The kiln prodm-t 
charcoal, pitch, etc.) from unr 1ml 
had a value of’ 827.V* Tin* tin 
where the apruce, lu*ml<*rK, or urn < 
aft(‘r utilized for its turpentine mpf 
( 1 olmnhia to Mexico in la ret* l»*re*Js. 
in height. The hark is useful fur t.u 


Cl I APT EH XX. 

C'AItttoN lilHrU*!lIJIH 

(OAffllON Nt?I#l*ltO-C\\Iil 

This fiirhoiiir itnhytlridv (<*S 3 } him a hjhk 
1,027 to 1.072. At mr I\ t 1.272 or 10.(1135 | 
apmtU* gravity of ii» in/n#r nl IKE 1\ in 

lH>iling*j>oiiit i*f tin* rfiiiiiiimliil iirtirlv m 1 1H. 

100.4" l\ 

It in of 15.K por nut of rurlioii itit< 

{( % SjK itiitl In pndhtml by pft»tt$g tlio vii|Ktr 
{ilmroiiH-iiriii gun, St ovor rhnrrtml krpt at 
vommomiil miihotl of itmtiofurturv. It in 1 
vapor mivoit u 1 1h air tnkra ftro at iil«»nt 31X 
groat Vfiilrttro, It tn a volutions, linivy, \orv v 
mi avid. imnirtiit tm4v iiinl n \orv frti«l allii 




soapy nutting prevents the oii-pumt mat mg Irmn bomling to tho 
nmtul, and it. dries us u lotist* .skin, peels easily, sometimes before 
it is tlry. 

Tiu> bisulphide being it solvent of nil semi-glut inuus substances 
loosens tip tltis soap ami incorporates it into tlu* mass of flu* coaling, 
and the quick evaporation of tin* bisulphide leaves it there. 

There are many instances on record of the disastrous results upon 
the health of the painters who spread bisuiphidr-nf-enrbon mixtures. 
A noted one is its use with maltha (a mineral bitumen) for the internal 
and external matings of a number of miles of steel-riveted water-pipe 
mains, where the applieatmn of this mixture was attended by the 
disability, insanity, ami death of a number of the painters. Its use 
as an anti-corrosive mating fur protecting miles of water-pipes was 
wholly experimental, without a single recon! on which to base such 
an application of an untried material, and especially one known to 
he decidedly inferior ami uncertain for minor purposes, Had a gill 
of this umltlm paint been spread tit a room where the Board of Water 
('unuuiHsiuuers ami their Kngiueeriug Stall held council over the pro¬ 
tection of water-pipes from underground corrosion, nil the subsequent 
injury to the paintem and expense of application and removal could 
have been avoided. Another routing was substituted fur the limltlm, 
hut not before a number of miles of the water mains had been laid 
and euvrird in with u»» la-tier protection against corrosion than that, 
which could have been hud with a mating of ladled skimmod-inilk 
glue, 

In the ojM’ti air bisulphide mixtures can lie spread without material 
danger or discomfort t*» the pa.ntem, but they have not a single ele¬ 
ment, of protective value that warrants their application to any 
ferric structure of magnitude. Thev should only he spread on those 
of minor character, where the n»jnebon or decay is of no material 
milHirtunre, and the question of the cost of the coating and its tem¬ 
porary appearance gov rtim 

Frequent unulv of hr uiphide paints show abort fit) per cent 
of a low-grade n^in, bitumen, and lampblack, f*»r the pigment, witli 
harytiK or silica added to give weight Bisulphide**if-eurbrn coatings 
brush out easily and »j»jead m«*r ?» large area, as the* vehicle in very 



ess oi manufacture, by the action of chlorine on the disulphide of 
carbon; the reaction being, CS 2 + 4C1 2 = CCl 4 -f 2SC1 2 . Chlorine, satu¬ 
rated with the vapor of the sulphide of carbon by passing it through 
the liquid, is passed through a red-hot tube or retort filled with pieces 
of porcelain, the outlet of the retort being connected to a receiver 
packed in ice. The condensed yellow mixture of tetrachloride of 
carbon and chloride of sulphur thereby obtained is slowly added to an 
•excess of potash lye or milk of lime, the mixture being agitated from 
t-ime to time and afterward distilled. The tetrachloride of carbon 
passes over, mixed with some of the sulphide of carbon. If too much 
of the sulphide has been mixed with the chlorine, or if the decomposing 
heat has not been strong enough, the sulphide of carbon can be re¬ 
moved by leaving it for some time in contact wdth the potash lye. 

No estimated cost of the tetrachloride product is at present . 
given, but its field of usefulness in the manufacture of paints and 
varnishes, also as a special drier, is favorably indicated from the few 
"trials and experiments thus far had with it. 



CllAlTKU X\I. 


j\m t»iin u*i 

Jai'AN driers ur japan* vhi\ gimth m shm n<!ujK».Mtiun , uu j 
are very err**lit* in their acinm n* dmng ngmt. f rt , rn 

the name manufacturer, taken from -1**i k lit differmi fmte*, a j* f , 
widely different in drying «|Unliftr«, while «m nttempt to ehnwafv the 
jupturn of different HiHnufacliirm* i* our *4 thr \r\iittou* of the 
muster painter#, Probably n gi*od rule for pinnim - i>< hdlow m the raw 
of japans is, when one ha* Im*cii found t*» out them, to lny «j,j,Se a 
Sftinple of it to compare with nil future s'lipphe*. »nd t,» f ,tirk to that 
manufacturer mid hrnnd ju4 «.» long an jt i «im^ up to (hr mark. 

Tilt' general eonijneilinn nod ptm-fv: «4 manufacture »»f japntm 
are: (Sum shellac is cooked will* hmr«d .>d n» >» Gained; kettle mud it 
becomes thiek nod partake* of tier oaton >4 a 1 nsm-.h, litharge 
and otherHulwlnucc* are nddrd to *pm k» n tl.« d? % »ug >4 the revolting 
product, When the tun.** lue» rooked *!<*»n !«» ,» sSurk *»d«* 4 ni»re 
culled u “pill," it is allowed (** « 1**4 !t nd th« n iLthM.i do«u with tnr- 
penline, Japan is 11 light rolofrd hro»m-h h.jusd of aUmt 

the consistency of varumh, \ lion vurbu «■ *4 %\ .inrs tu from hi to 
20 minutes. The enre nrrri«»l in tb»- manuho timing pmre** iitui 
the purity t*f all the matruab uned «f!«-» t sm opuditt. and »tr the 
cause of such erratic re^dm from it,-- m-.e 

I he* reputation !»f jj japan m i <e iirli manufarturer mimt* (nf 
much, hut it do« tint nHwin * ensure 4 *?»««« i it the pfi« «* g<n rrti« 

the selection, 

Formula* for japan* nre UUtnefuM'i nit I? iide arej et>* The 

following art* reprwnt»tnr * am pie-* 

(trie gallon cold preyed old hm>c,-d od » 3 «nss4 ,4 Ji f or I. (*, 
KWH shellac, J [round gold hibarge I I »ur i.! uu J »et, | piiiltil of 




portion up to In pur coni, Him snomti siay rnixeu iur :u, mam o imurs 
without showing sediment or separation, called " curdling." 

When applied in a thin lilm to a clean, dry piece of glass placed 
in a vertical position, the japan should he dry lo the butch in about 
2 hum’s, and should dry hard without becoming brittle in (» hours. 

The so-called couceutmted driers are made by heating linseed-oil 
with lead and manganese salts or oxides in excess, until the product 
becomes viscous, like a sticking planter or birdlime. Liquid driers 
are concentrated driers, thinned out while hut with naphtha or spirits 
of turpentine. Whim applied in a thin lilm to glass and placed in a 
vertical position, they should be dry to the touch in 2 hours, ami harden 
in about 8 hours. After *18 hours (lie drier should m»t rub off in the 
form of a fine powder when tin 1 linger is rubbed briskly over the sur¬ 
face. Liquid driers should mix freely with raw or boiled linseed-nil, 
turpentine, or benzine in any proportion without showing riots or 
precipitate after standing *18 hours in the open air. 

Inferior liquid driers ran bo recognized by the odor of benzine 
when the. sample is slightly warmed; by the powdering uf the hardened 
Tdm when rubbed by the finger, and hv the rapid evaporation wdieti 
exposed to the air, with eonsequent separation of the ingredients. 

The quality of a japan depends ns much upon its rooking as upon 
the quality and kind of the materials in its composition. Too high a 
heat or too long exposure to the heat frequently spoils it. 

Gum is added by some manufacturers of japans to harden the oil. 
This, while causing the japan itself to dry more rapidly, nnluees its 
power to dry an oil paint, (him is a very uncertain Hulwtiiuee in the 
formula of japan nmnufneturers. It may mean the spruce end of 
the schoolgirl, common resin, or the best grade of the fossil resins, over 
thirty in number, with many varieties in each number. 



(M l APT I'M XXII. 


KhAX I’l.ANT A.ND 1,1 NSKHD. 

Lixsmm is the seed product of the Lhuun naUati^hnvm, This 
plant, is a native of India nr Must cm Asia, and its cultivation luis 
existed from tin 1 earliest ages, distinct evidences of its existence 
during the Stone Age being preserved to the present day in the rough 
and worked I lax made into bundles, found in the lake dwellings of 
Switzerland. 

It is mentioned in the book of Kxodus as one of the products of 
Kgypt in the time of the Pharaohs. Among the plagues of Kgypt, that 
of hail destroyed the Ilax and barley crops, “for the barley was in the 
ear and the Ilax was boiled ” (Kxodus i\. !H). 

Pharaoh "arrayed Joseph in vestures of line linen” ((lenesis xli. 

TM 

Solomon purchased linen yarn in Kgypt and Herodotus speaks of 
the great (lax trade of Kgypt. 

Numerous pictorial representations of the cultivation and prep¬ 
aration of Ilax are sculptured on the walls and tombs of Thebes, 
showing the varieties of flux in the red and while (lower, the manner 
of pulling, retting, ami Imehelliug as praetised when Jacob dwelt in tho 
laud of (iosheu; and, except in some minor particulars, or in certain 
favored locutions, are precisely the same us practised at the present 
tiny. 

The crushing of the seed in a mortar, grinding it on a stone slab 
by a nmller, tin* pressing out of the oil with stones, the seed-bag, 
the burning lamp showing that the ancients knew the value of heat 
to aid in the extraction of the oil, and the painter with his bristle brush 
and paint-pot is also delineated. 

Klnx is more extensively and successfully cultivated in Belgium 
than in any other part of Kurope, that raisin] in Hast and West Flan¬ 
ders (the (’outrai (lax) being the most valuable of the world’s crop 
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separated in Hcmfchings, louvin^ 5.9 tons of finished fibre and 1.47 
ton uf tow and |thickings. 

(leuernlly two bushels of linseed art* sown per aero, and the yieltl 
in (hushed fibre is from (UK) to SOU pounds, the market prion of which 
is about 12 cents per pound. The yield of seed is from S to 10 bushels 
of 52 pounds, and is graded and classified as to quality anil condition 
as closely as any of the grains. The crop is very exhausting to the soil; 
potash and phosphoric acid are tho chief ingredients that the, soil 
requires to product' a good crop of either the fibre or seed. It requires 
from -100 to (UH) pounds of mineral or phosphate fertilizers per aero, 
beside barnyard and other manures, to keep the soil in condition, 
and then only two or three crops can be mist'd in succession, when 
other crops must la* suhstilulcd for from 5 to N years. 

New Kiigluitd formerly raised large quantities of flax for the 
fibre, hut the advent of cotton manufacture soon displaced flax cul¬ 
ture, and this, with the exhaustion of the soil and absence of phosphate 
fertilizers, caused an abandonment of (la* (lax crop in that part of the 
1‘nitt'd Stales, early in tin* past century. 

America furnishes about one-fourth of (lit* world's supply of 
linseed-oil. The crop uf linseed for tla* years 1000 1001 was from 
10,000,000 |o 17,000,000 bushels. The average yield of oil was IN} 
pounds of ttil per bu-hel, <>r 2.105 gallons of 71-pound oil; equal to 
•10,000,000 to 12,000,000 gallons. In general, (lit* American crop is ctun- 
paral ivcly free from I he adulteration of the wild mustard and other 
acrid seeds that render the uibeuke almost valueless for a cattle ftxid. 
Though, in this respect, it is bet ter than most of the foreign seeds, 
it is, however, the practice for many seed-crushers to add the screen¬ 
ings from the linseed and grain elevators to their linseed in (he crushers, 
and this not nuh furnishes a hit ter oil-cake hut u poorer oil. 

The Ainejieau hmerd chip i* now chiefly produced by the North¬ 
western States, u here t he rich prairie soil is favorable for a heavy seed 
crop without much fritsh/ntion. The fibre in these States, from its 
distance to market and t l»r diflimit y of preparing it, is of minor import¬ 
ance, and the plant is generally allowed to fully ripen before harvest- 

• . 1 ll 1 I .... Ilf .i . ... , ll.,. .,.1* . _. i* 11. A 



Fui. 33. - Finx-pinut, flower, wed vexwl, nml »n|, 

TtR flower in blue, 1%. I represents n flower leaf or j«-lnl; there nr*- li\•• to 
oneh flower, which in of a verv regular nml jrrfert kind. hnxmg h\»* |« ful», fixe 

I VihUIh, five HlnmcnH, five nepalt*. Figs, 2 nml 3 are «rj«d*s, nr cup h-riven, pi the 
lower; FigH. -I and fi reprenetit the wed-vessel, with il« tall wtnmeirt nml taller 
piHtiln; I‘'ips;. (1 i« a Htmueu; 7 i« a Mred'Ve*wl rut u}h*u, »ln>wtug ten «•* th. 
The HlnineuH fi*rtthe p’mtils, the |Milleii hilling ujnm the tnp of the pmhl, or 
probably carried Ihere liy Mutue I may her. Within each uf the phtih font to 



or tno moHv nnpomuu. m uie couniry, una surpasses in magnitude 
that of any oilier land. 

The plant, is grown only for the seed, and as soon as the latter is 
secured the straw is burned. An average of 1000 pounds of seed is 
raised on an acre, and in some eases the yield is 2000 pounds. The 
export of flaxseed from the four provinces named amounts to 500,000 
tons a year, which is onodudf the entire product of the world and 
equals 51,200,000 gallons of oil. Not more than 20,000 tons are 
retained for domestic use, and then* appear to Ik* no linseed-oil mills in 
the country, as all the oil used (here is imported. Out; wonders what 
the effect upon the markets of the world might be if Argentina should 
expert linseed-oil and cuke instead of raw flaxseed, and could transform 
the straw into linen thread and cloth instead of burning it. 

Ireland, Knglaud, Belgium, and Central Kurope raise the best 
(lax for fabric purposes, but seeds gathered from these sources being 
unripe, furnish poor, watery oil. 

Utissin has a large acreage of (lax for seed purposes and furnishes 
about one-sixth of I he world's supply of linseed, the yield being 
about S bushels of 5(1 pounds to the acre; the flax fibre is of minor 
importance, being woody and subject to great waste in preparing it for 
fabric. 

Russian seed is exported for seed purposes ns well as for oil extrac¬ 
tion. In Russia hrmp^eed is sown with the flaxseed, and comprises 
nearly one tenth of the seed emp, but as this seed furnishes a siccative 
oil, it is not an objectionable adulterant, siteh as the seeds from the 
rape, col/.a, mustard, and many other turn-drying oil-seeds, called 
“flax dodders," The adulteration from these acrid seeds is ho great 
that the waste product in the form of oil-cake, formerly a valuable 
cattle food, is now so strongly impregnate! with tin* biting taste of 
these .Heels, that rattle refuse to cut it, and it in now use! for fuel or 
fertili/.ing purposes, 

India furnishes aUmt one-eighth of the world's supply of linseed. 
It is grown n* a mixed emp for the seed only. The India llnx-pliint 
has bt*en deteriorating for over 2tKI years, until it is now an inferior 
shrub from 12 to 1(1 inches; high. The climate is favorable for the oil- 
producing quality of the ws*d. The white-flower plant produces about 
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gathering, the ordinary linseed crop being hnrvtrst*^I just lieforo the 
seed has fully matured, anil while it contains more water than if fully 
ripened. 

Rape-.sced in sown in large quantities with the ]iu>4t*is 1, Its yield 
of Heed and oil in very large, and when refined it passes an rol/u-uil 
from coleseed. These seed-oils tire list'd for burning, lubrieatinn, 
and ill the manufaeture of india-rubber articles, because uf tlu>ir 
non-drying qualities. India in very prolifir in uiblwaring »i*edx; the 
nuiHtard and many other acrid amis grow wild, are very rich in oil, 
and all are freely lined lo adulterate liunmi to an admitted amount 
of 10 par cent and possibly 15 per eent more. 

The tjutility of the (lax, also of tht* seed, varies tptite tw niueli as 
any crop of grain or vegetables, aeeording to the locality in whieh they 
are rained, the noil, weather, and other influences nlYrtimg tin' fibre 
or oil, and the crop in quilt' uh exhaustive to the soil ns wheat or rum. 

Samples of linseed grown in various parts of the world and aver¬ 
aged from a collection of ripe smis weights 1 from is fn 52 pounds 
per bushel, and the yield of oil was tptite as variable, vi/..: 
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Pont Otlt'Hwi Heed., , . , t,'> m til Ksllute. 

Archangel t " ......... . , . , , , 5 h "to 

(inatl rniiiiiierriiil wed . |;, f, >• tti 

Kant lutlitm seed. , 17 •• it, 

Sicilian “ .. , , in ” it, f» 

(It'iU'i’fil rt'HultH by a large rntslier lnr nil w-oil*.U *■ r; 


American not'd, 521 pounds per bushel, gave 2f» 55 per eent of oil, 
or IT87 pounds. 

Linseed in its dry slate, ns analy/anl by l»r. t re, runfnins; 
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wax. 

Soft rosin.. 

lionmouH coloring ittaltor. 

Yi'llowinh coloring matter nrmlngous to tnniiia. . 
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Starch.... 
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Matter insoluble in water hut soluble in ether. 
Water. 
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<>l *1.1 -sa tuples nl linseed from various roimtruss; 
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Tin* general rompo'dhoii of all drrative oils is; 


Carbon 
H\ drown 

Oxygen, . 
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12.70 ** 15 f*U '* “ 


Konig. 


I,iu-si*r«I f al-to roulaiijs a large i|uaulity of mucilage deposited in 
tlu* oitlrt lav •*i >• *>f cells *4 t hr epidermis, which .swells up on uulcerating 





























boiled in 10 parts of water yields mucilage enough to be drawn out 
into threads, and forms a dark-eolored spunky mass when dry. This 
crude mucilage contains in addition to the inn* vegetable mucilage, 
lcgiunin, albumin, and an organic acid, probably malic acid; also 
ash constituents, chiefly lime, potash, and iron, jmrtb a* phosphates, 
and partly united in the ash by carbonic acid. Linseed mucilage 
precipitated by alcohol gives 11 per cent of ash coutniumg 1 per cent of 
carbonic acid. 

Linseed-oil has a specific gravity of lUhls tu tt.Uu.’i, or 7,713 to 
7,952 pounds per United Stall's gallon. The oil hunt an average 
quality of ripe seed extracted by various processes contains; 
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The earl urn-disulphide process gives more oxygon and less earlioiu 
The oil ('X true ted by the naphtha and percolat iug pour r>-< do(*M not 
show any material difference in the quantity of the ml, but U thought 
to give a fjuickcr drying oil than by the uld «*r mid drawu process. 
Hut, however, it leaves some of the glueerides of the oil in the oil rake 
as well as some of the albumin. 

The glucerine in the oil in the form of gluceride or other ethers in 
noecled in the change of the fatty acids to form the map emnpotmds 
that give, the binding quality to the oil. 'flic albuminous sitlMutimt 
are organic and are subject to decompaction, and rmeUtiuie "the 
drops” or ‘'trmcosi ties'* that the boiling process remavn, or if the 
oil is used in its raw state, the driers addl'd are intended to affect tliem 
so that they may he oxidized and drh*d. 

Unripe linseed or the mil from flux mist'd for the fibre (the condi¬ 
tion that furnishes a large part of the commercial linsml oil) contains 
5 to 8 per cent of water. 

The yield of oil from tin* different clawes (ml. blue, or white flower) 
of linseed varies from 20 to 33 per cent of the weight of the drv *eed. 






The linoxyn formed in insoluble iu water, dilute acids. alcohol, or 
other, and in heavdc'r than water. 

llazura describes linseed-nil as formed of iiuolir, liiadeie. and 
iso-linoleuic acids, and that a high proportion of the two latter acida 
is characteristic of this oil. 

Linsecd-oil is composed of drying oil. NO parts, and iioiedrying or 
fatly oils, 20 parts. Of tin* latter, N parts ate gh mine ether, the 
volatile element of the oil, that in the ehetnieal changes among tin* 
oil acids by the absorption of oxygen in the pioress of dning. is 
absorbed or lost in the change to linuleie acid, with a direct loss in 
weight of the new oil compound. 

The fatty acids iu linseed-oil are: 

Mnrgarie arid... r ,dl .‘h: da* gnnitv 0 HtO 

Palmitic or 1 ionic* acid. *,»llOh ” " o sot) 

Oleic acid.. , * t dt ,,t i, " " 0 KttM 

Stearic acid... ■ ■ 0,dh>* u ,! " " U S05 

Margartc acid is considered simply as a mixture of stearic and 
palmitic or benic acid of identical composition (t* ls il n t >,b 

The composition and specilie gravities of all the fatty nils vary 
but little, and the influences that affect one affect all. 

Oleic ether (C 3Q H w O a ), #/wn/ir \tmrihj, (1 SOT, assoeintml with the 
fatty acids, dissolve all solid fats, si emir, pahnitir acids, etc. 

The glycerides or glycerine ethers him* the eharneteristies of 
othylin (0 a H la () 3 ); they an* the most volatile of the group, mid form n 
component part of the fatty elements in all siccative oils, '{‘he heavy 
odor recognized when a burning tallow caudle is blown out is due 
to the glycerine ether that comes from the smoldering w iek. A 
heat of 170° F, is adequate to dispel or to emise an absorption of the* 
glycerides into the fatty acids in tin* oil to form the insoluble soap com¬ 
pound. The albuminous Rulwtnures in the oil coagulate at alsait 
160° lb, and in the h learned or hot proress of extracting linseed oil, 
the meal m cooked at 100° to 200® F, to prevent the* albumin from 
flowing out when pressed. 

These changes indicate the merits of a low and long-continued 
heat in the process of boiling oil, instead of the quicker and more 






grape, Scotch ami silver Hr, uiul spruce. The specific gravities of 
the whole number (20) range from 0.9202 !,o 0.9M5N, varying so little 
that the hydrometer-test is of little moment to determine their char¬ 
acter. The vegetable non-sieeativo oils of commercial importance 























Rye. 

Wheat. 

Barley and oats. . 
Maize and lupine. 

Peas and beans. . 
Potatoes and rice, 
Beets, etc. 


76.71 

11.79 


77.19 

11.97 


77.50 

11.96 

12.78 

to 1 

to 

to 

75.67 

11.43 

10.69 

77.40 

11.30 

12.70 

to 

to 

to 

76.00 

11.15 

11.50 


The increase in oxygen in the grain oils is at the expense of the carbon. 


Miscellaneous Non-drying Oils and Substances. 


^pprm-oil. 

0.945 

78.90 

10.97 

10.13 

■Rpsin-oil. 

\°T \ 

79.27 

10.15 

10.58 

TWf tallow. 

(0.9910 ) 
0.938 

79.00 

11.70 

9.30 


81.60 

13.90 

4.50 



81.60 

12.80 

5.60 





The vegetable aromatic volatile oils from lemons, oranges, cloves, 
cinnamon, etc., are of the same chemical composition: Carbon, 88.25; 
hydrogen, 11.75. When they oxidize, it is at the expense of the 
carbon element. The diversities in their odor are due to a different 
arrangement of their atoms. 

Poppy-seed furnishes a cold-pressed siccative oil of excellent 
quality. Being an imported article its price prevents its use except 
in the finer color paints. The exceptionally good results attendant on 
the use of French zinc oxide are principally due to the use of this oil. 
It dries slower than linseed-oil and faster than walnut-oil. It does 
not remain sticky so long as linseed-oil, not being so fatty, and takes 
up less oxygen. It is used for the finer classes of varnishes. It con¬ 
tains 20 per cent of non-drying and 80 per cent of drying oil. Linseed- 
oil clarified by sulphuric acid has generally taken the place of poppy- 
oil. Walnut-oil contains 30 per cent of non-drying and 70 per cent 
of drying oil. The cold-process oil is light colored with a pleasant 
smell and taste; after a short exposure to the sunlight it becomes 
as clear as water. The hot-process oil is characterized by a deep color 
and unpleasant odor; it has more mucilage in it, and does not dry 
as well as the cold pressed. 
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SPECIFIC Uh'A\ try OF nn.S, 
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( I11..H 

AMI 

!■ 

vm 

Poppy-need oil. 

. . . (1 

.11’JSu 



ltmv linseed cold-drawn oil. 

. . . 0 

. JI25IU 

1. 

• u *i:i2 

Boiled linseed-oil. 

... (1 

.fl(IK) 

- 

U !l J2 

Crude coltonneed-nil .... 

, . . 0 

<122 l 



Refined yellow dill<. 

.. n 

m:ui 



Water-while ditto. 

,. 0 

U'JSH 



Meidiadi'U-oil (dark). 

.. u 

f 12112 



“ “ (light) . 

.. (i 

u:i2:» 



Tannor’a eod-oil. 

.. u 

fi2tir» 



Porgy-oil. 

.. u 

fi:id2 



Renin, commercial yellow, ... 

.. 1 

(l7l)tl 



Renin-oil, lirat run... 

.. 0 

ftsUfi 




" “ third mn. a 

" “ other riuiH. 0 

Crude Lima petroleum. 0 

Lard-oil. 0 Ui.'» 

Whale- or train-oil. 0 {^f, 

Hperm-oil. U fij;f 

Porpoinc-oil. 0 ji;j 7 

Beef tallow... 0 U27 

Mutton tallow. d, 


ilHS” 

filllU In U !HKI 
h;}«i — 7 |muml« jwr gal. 























CUAPTKR XXIII. 


ttnthlNU UNHKKD-OIL. 

J. Xrhum Neil’s Experiments. 

Tirrc study of the composition mid properties of the siccative oils 
has boon but. liUIt* udvanood since Mr. «I. Nelson Neil was awarded the 
Isis Clold Modal of tin' Society of Arts in 1NH2 for a paper road before 
that society on "l)il boiling and Varnish Making” (published in the 
Transactions of the Society, Yol. XLIX, Part II), which trouts so 
exhaustively upon the modes of manipulation, recipes, and precau¬ 
tions to bo used, that the paper is the foundation for all subsequent 
accounts and modes of manufacturing varnishes. The additions 
an 1 modifications which have been worked out since that time have 
not materially altered tho processes of Mr. Neil, either in the better¬ 
ment of the quality of the varnish or the oil product, but relate more 
particularly to a shorter time and possibly less cost of manufacture 
than given by him, which comprised the application of direct tire to 
the kettles instead of the steam-jacket kelties and devices used by 
later experimenters and manufacturers. 

The substances that act catalytically part witli some of their 
oxygen in the oil, and become to a certain extent deoxidized, and 
again coming into contact with the air either mechanically blown 
through the combined mass of oil and driers, or by surface exposure 
in the settling-tank or barrel, recover their primal condition, and are 
ready to do the same work over again. It is the necessity for the 
reoxidatiou of the driers that causes the general adoption of the air 
agitation and steam pmrtwtes now in general use for the boiling of 
oil and manufacture of varnishes, etc. These driers, without becom¬ 
ing materially altered, induce an alteration m the linseed-oil sub¬ 
jected to their operation. We may imagine this action as similar 

i .1 . * i • * . 1 i ?.,...... . 1 I. . * i ..1 


the gain in weight after thoroughly dry is from K to 10 per mil of 
the vehicle, and it in heavier than water. Any paint that dona not show 
a marked inerottHe in weight in drying can he set down an one of the 
hundreds of bastard compounds that masquerade under the guise of 
paint, with more resin, fish-oil, and hydroeurtmu substances in its 
vehicle than linseed or other siccative oils. 


M. K. Chcireur# Kxpvrimvnh. 

These experiments of Mr. Neil were followed by the experiments 
of Mr. M. K Chevreul, who eontrilmted a paper in hsfiG to the A nmihn 
de Chime, corroborating Mr. Neil's deductions upon the drying of 
siccative oils, and by him clearly laid down, viz.: 

.Ldrat, That it is the absorption of oxygen by the sweativo oils 
and the change of the oleic, murgarie,anti stearic acids of which they 
are composed, and the chemical combination with each other in the 
presence of oxygen into the linoleic and linolenie acids, that is the 
cause of their solidification, which term he thinks more clearly defines 
the action of the oil than drying, which in general may mean evapora¬ 
tion, which is a term adaptable to all liquid bodies, or mthrr indi¬ 
cates the removal of liquid from all bodies. That definition appears 
to be apropos to.many of the latter-day cheap mixtures railed paints; 
the difficulty experienced with some of which is not to have them 
dry in a reasonable time, hut to have them keep liquid lung enough 
to spread them at all. 

Second, That the oxidation of the oil is n chemical process and 
naturally inherent in itself. The action of bent, ns in boiling, hastens 
the drying or resinification of the oil by removing the water and 
rmicositios. That all substances which can 1m* used as drier* must 
he such ns are capable of parting with oxygen or dissolving in it; nod 
being of themselves oxidizahle in combination, they in that way 
increase its absorptive power. There Is a class of driers (white cop¬ 
peras, for instance) which act. eutalytieidly. while merhuuirnllv sus¬ 
pended or in contact with the oil, and increase its owgeit »1 up live 
power by their presence, but leave no increase of dning {«svu*r when 
withdrawn. 


.. . "***»*v< ['V i^/u »uuu -n\.;vv J^UIUAJLUU 

of manganese, it dried in 2 days. When boiled 0 hours with peroxide 
of manganese tlmt had been lined many limes before, it required 
ono-ludf day to dry linn and hard. 

Fourth. That manganese driers for ex jawed paints appear to be 
lew durable than red lead or litharge driers. They harden quicker 
and become more brittle, from the harder character of the soap they 
contain, which in further developed in hardnesH by the heat of the huh. 

Fifth. The mangaum* drier paint* appear to peel more readily 
than red-lead drier*, especially upon ironwork that has but few 
point* or irre^ularifit's of the surface to which the paint can adhere, 
lienee such a paint for an iron Kurfnee immf remain in a measure 
softer and more elastic, or else it will be thrown off or peel by the 
changes in leiupernturo and tin* expansion and contraction of the 
metal. 

Peroxide of manganese i* electro-negative to iron and steel, and 
1 h noted for (he freedom with which it imparts its oxygen to these 
metals. It is used in the manufacture of steel as a purge to burn 
out the impurities in it. 

.Wu.iwtM ok lno\n>i: ok M vNtj wkmk on Pvnot.i’HiTK (MnO). 
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Sixth. That linseed-oil heated until it lost one-sixth of its weight 
became thicker, unctuous, and viscid, and dried more readily, fomiing 
a tough, male, turpeutiuedikr mass, senreely soluble in any other oil 
(printer's varnish). When linseed-oil is heated to 325° to 375° F. 
it will take fire and continue to burn without nuv further application of 
heat from without, until only tnr or charcoal remains. 

Nut and poppy-ws'd oils also powers this feature, which is some¬ 
thin'* employed ns a ti*st of the purity of these oils. If these oils 
am adulterated to any grant extent with fish, win, or mineral oils, 












Four panels of wood won* painted «m olio side with white lead 
and on the o 1.1 km* .side with zinc oxide, the \ eliiele being raw linseed oil. 

No. 1 whs pluml in n dosed glass vessel cspu-.ril m ton f »* uu*- and g:ix 
No. 2 whs plan'd in a similar \ rsscl cspuHt-d to rtiuininl :m 

No. 3 “ “ . " '* 1 1 ■ iiir 

No. 4 “ “ " " " " " owgi-u gnu. 


The results wore ns follows; 


No, 1, Carbon ic- 
ucul gas. 


Aftm* 21 Uimr«. 

I'lir white lend nearly wt. 


No. 2. 

No. 3. 
No. *1. 


The zinc o\idr still fresh, 

T> . . . j 'I’in* white lead Heads drv, 

UnnU'Umr. j Th(i z||)(i oxi(1( . w ., (||ll , lrVi 

( The* white lead neurh drv, 

I The zinc oxide w*t hut nut dry, 
Oxygen gun. Both perfectly dry. 


Free air. 


After 7r !!,<nra. 

S-t lull without adhesion to 

the winul, 

Alemluteh fresh. 
l*erli-eil\ dry. 

u II 

II It 

ft a 

II It 


Pro[rmir Vincntt'x ttxptrimnitx. 

Prof. dims. W. Vincent's experiments in l.s.V.i were upon the line 
of boiling oil without, the presence of driers, and that a high tem¬ 
perature. was not necessary. The temperature used by Mr, \ mceut 
was that due to steam at *10 pounds per square inrh, 207'" F., tmed in a 
steam-jacketed kettle in eounecliou with mechanical agitation by 
revolving blades and a current of eompressed air moderately healed 
by the act of compression. 'Phis process is that in general use at 
present in the. mmmfueture of linoleum, and it is believed that the 
(Ioniums practised this method many yearn preceding tsfiU pro¬ 
fessor Vincent’s conclusions, drawn from experiment. were that air 
blown through the muss of heated oil in nnl as important a part of the 
process ns many have assigned to it, and in reality effects nothing 
tovvai(1 making the oil a drying one. lit* boiled linseed oil with air 
alone, but until out rfncrx, for three days eoUHeeut ively, keeping up a 
high temperature the whole time, and the resultant boiled oil re 
quired precisely the same time to dry nx the raw oil from which it 
was prepared. The body, however, had become ho much increased 
that its consistency was more that of a varnish than an oil. In the 


the airdilasl was less greasy and had a greater consistency. briefly, 
Uu> surface exposure to the air and the heat secured a sullieiont amount 
of 1 nuly. The driers produced any required shade of color in the oil 
and reduced the time of drying from d and -1 days, for the raw oil, 
to (> hours in the Hummer and N hours in the winter for the boiled. 
Hoi It'd oil that is subject to lung voyages at sea is apt lo become, fatty 
and not free working. 'Phis is duo to the agitation it gets from the 
motion of the ship while it is under the increase of temperature due 
to the hold or cargo space in the ship, being, in fact, a long-continued 
low-temperature and agitation pmcess of boiling. The manufacturer 
guards against this result by adding to boiled oil for shipment by 
sea, about one-fourth its volume of raw oil, the oil becoming brighter 
in consequence of the addition. Professor Vincent's steam-kettle 
process of boiling gives an oil of a lighter shade than the direct fire 
or high-temperature process. In both prncwses, acrylic acid ((’ a II/) 2 ), 
a monobasic acid, is produced by the oxidation of acrolein. Acrylic 
or ucrolcic acid when purified, is a colorless liquid of a slightly cinpy- 
rcumatic odor, lighter than water and mixahle with it in all propor¬ 
tions. 

Acrolein ((yi 4 ()) is the acid principle produced by the destruc¬ 
tive distillation of fatty bodies, n‘suiting from the decomposition 
of glycerine ((',11 d >,h Acrolein is a colorless, limpid, strongly 
refracting liquid, lighter than water, boils at 12(f l\; vapor density, 
l.KUT. Its vapor is so intensely irritating that a few* drops diffused 
in a room are suilicient to render the atmosphere unsupportuhlc. 
It burns wit It a clear bright flame, and dissolves in 40 purls of water 
and readily in ether. The solutions at first are neutral, but gradu¬ 
ally oxidize and turn arid in contact with the air. I tutor water it 
changes into a resinous substance fdisacryl-rt*siiH and the water 
becomes charged with nerviir. formic,and acetic acids. The vapor of 
acrolein passed through a ml hot tula* is decomposes l with the formation 
of water and charcoal. 1t 4 * vapor is highly corrosive to iron bodies. 

Acrolein is developed by the dmmqHwitinn of the imiensitics 
in the raw* linseed-oil under the influence of the 1 waling heal, and 
indicates the slower dernnqw»sition of those Biilwtnnces in a raw-oil 
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vehicle for a paint. The slower process of solidification of the raw 
oil enclosing them, as if were, in a Him of tin* vehicle, to develop later 
by decomposition info a destructive agent of the paint. The pig¬ 
ments in the paint may delay this decomposing action for a time, 
but cannot wholly prevent, it, and in many eases hasten it. The 
removal or destructive change of these umeosities is absolutely neces¬ 
sary in baking japans, varnishes, japan driers, and linoleum; and if 
found detrimental then', if must necessarily follow that they aie 
equally so in a paint oil. The decomposing point in a pure linseed- 
oil made from thoroughly ripe linseed is nearly UK)" F. higher than 
in an oil made, from green or damaged linseed. 

Vrojrmttr tineex Krju rim t nix. 

Professor Sacc’s experiments in brief were, 2.*>IM) grains of oil 
boiled for 10 minutes only, with .’!() grain* each of litharge ami red 
lead, and weighed after 21 hours' exposure to the atmo*.phere, the 
oil had lost only (10 grains. This sample increased 2U per cent in 
weight after complete resinilientiou. A second sample U.iled until 
there was a loss of 5 per cent in weight of the oil, the pmduet assumed 
a molasses consistency, and did not resitlify after lb da\ T exposure 
to the atmosphere. A third sample boiled U» a Ins* of 12 per cent 
became a caoutchouc-like mass that the atmosphere had tm rtVeel 
upon whatever. It, was insoluble in alcohol, ether, chloroform, and 
bisulphide of carbon; boiling naphtha only dissolved traces of it. 
The only action which dilute acids had upon it wa* to extract a small 
quantity of the oxide of lead due to the driers. Hydrochloric acid 
dissolved it slowly, while concentrated sulphuric and nitric acid 
dissolved it rapidly, as they do all vegetable and animal oils and tb 
sues. This substance was in fact identical with (lie product obtained 
by the modem process of boiling oil for the manufacture of linoleum. 

Linseed-oil submitted to a dry distillation (without boilingt gave 
off a white vapor (aerolie) from which was condensed a eulurle.n nil 
(acrolic acid), having the odor of fresh bread, then expanded and 
yielded a distillate, a brmvn empymmmlie product; finally, a muss 
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ill its favor, the process cannot be recommended for the preparation 
of a vehicle to he used for a ferric protective coating. Briefly, the 
oil is first treated with a dilute sulphuric-acid hath (containing about 
lit) per cent- of sulphuric acid) which is agitated with the oil by the air- 
blast to (Ic/ij/druir it, but is said to be not strong enough to carbonize 
it. After standing to allow flit' oil and acid to separate, the oil is 
run olT into the usual Mleam-jurkeled kettle heated to about 2(i7° l<\, 
air is blown through the muss, while a solution of manganese linoleate 
in some hydrocarbon spirit (probably benzine) is added gradually 
during (he process of heating and blowing, ('nulionary care is re¬ 
quired not to told (no much of this material. It is the writer’s opinion 
that this caution should extend to the point of not adding any manga¬ 
nese asociated with any hydrocarbon vehicle to the oil, and that pro¬ 
hibition should extend to the use of any sulphuric, nitric, or other 
caustic acid of any strength to the oil in its preliminary stage. It 
is almost impossible to clear an oil of either high or low specific gravity, 
of any acid of whatever strength of solution to which it may be ex¬ 
posed. Mon* or less of the clarifying arid will be held in the oil either 
fret' or in conthiimtiou with the water in the oil, that even a long 
washing with water, unit'd by an air-blast agitation, unit not remove. 
Kerosene, naphtha, gasolene, ete., art' purified by t mi ting with 
sulphuric arid and then thoroughly washed with water and a long 
agitation by the air-blast, and are then often found to contain acid 
enough to perforate the tin cases in which they are shipped. The 
slight improvement in tin* color of the Ik tiles l oil by this process is a 
very poor recommendation for its use, The same- results are obtaina¬ 
ble by the ordinary steam-kettie process, using well-known mineral 
substances; for instance, the zinc and manganese salts will remove 
or throw down the mueosifics, clear the oil to any desired shade, and 
cause it to dry promptly, while the water in the oil will be evaporated, 
naturally by the heat, and the dangers of the sulphur element avoided. 

Thorp's ErjHTimrtitn with Driers. 

The action of various mineral and metallic driers upon linseed- 
oil in the process of boiling to determine their effect mi the color of 
the oil and the time of drying were math* hv Mr, Frank II. Thorn, S.Ib* 
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specific yruvil!/, (U)4. The weight of oil under test was in each ease 
tiie same., 50 c.o. weighing *15.7 grins. '1'he several samples went' 
treated in glass beakers arranged in a sanddmth tinder temperatures 
from 200° to 300° K. In general, the temperatures from 240" 
to 275° l 1 '. gave the best results. The lime of netual boiling was 
from li to 24 hours, and the pereeutages of driers varied fuun less 
than 1. |>er cent to 2 per cent by weight of the oil treated. Litharge 
furnished an almost eolorless oil of linn film, drying in ftom 0 to K) 
hours. Lead carbonate, lead ueetate, and lead burnt e. eueh furnished 
slightly colored oils with good films, drying in the order named, in 
10, 12, and 20 horn’s. Red lead, lead ehloride, and lead tartrate 
furnished dark-colored oils of good films, drying in from 20 to 24 
hours. Red haul and litharge, 2 per rent of each, also the other lend 
salts mentioned, with larger percentages limn two of each, gave dark- 
colored oils, all with (inn films, drying in about 21 hums. 

Of the lead driers, litharge gave the best result* both tu enjnr, 
film, and drying qualities. Cure was necessary in the use u f this 
drier, to not overheat the oil, thus deepening its color. The zinc 
salts, tho acetate, borate, citrate, o\ide, and sulphate, furnished 
nearly colorless or slightly colored oils with fairly good films, but 
their time of drying was from .4(1 to 4(1 bourn. Larger amounts ,,f 
these driers than 2 pm* cent shortened the time of dning, darkened 
the color of the oils, and they did not clarify satisfactorily. 

The acetate and borate are the best uf the zinc salt drier*, but 
none of them act eatnlytieally upon the oil a* the lend and manga 
nose driers do, but act meelianieally or only while present (like white 
copperas), to throw down some of the murosilh**, but do not east 
them all out, or set up the combination change* necessary to form 
tho linoleie compounds required in a good drying oil. The manga- 
nose salts, viz.: the acetate, borate, sulphate, oxalate, mat tartrate, 
all gave colorless oils, drying with good firm films in from 2(1 to .’111 
and 40 hours. The citrate and formate gave slightly darker colored 
oils, drying in about 24 hours with good firm films. The manganese 
borate witli quantities varying from I to 4 per rent of the oil and with 
temperatures of 220° to 240° K., gave the best eolured and drying oil* 
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Bonn- of the samples being lam'd. No definite conclusion can bo 
drawn from Mr. Thorp's experiments ns to the relation between the 
quantity of driers dissolved in the oil, and the time of drying of the 
oil. The notion of the Severn 1 classes ol driers, as well as the various 
members of them, was erratic and the drying result appeared to be 
governed quite as much by the temperature of the bath, time of 
boiling, and agitation of tlie oil during boiling, as by the chemical 
employed. One per cent by weight of litharge and the lend driers, 
and two-tenths of 1 per cent of the manganese salts, were all that 
wore required to give good bright colored oils of good drying qualities 
with firm films, and not all of these amounts of driers were taken up 
by the oil, but some were recovered in the residuum. 

The sulphate of zinr boiled with linseed-oil mmply removes the 
vegetable and mucilaginous substances that impair its drying power; 
it. does not impart any catalytic power to the oil to draw oxygen 
from tin* air. 

IVrnxide of manganese, umber, red lead, and litharge, all dissolve 
In the oil and impart oxygen to it, and act catnlytically to take up 
more oxygen from the air to renew what they have lost, and in so 
doing further oxidize the oil. 

Thornr and Hr in'* Ojri/r/ra Proctm. 

In this process for oxidizing oil, pure, or nearly pure, oxygen 
gas in a finely divides! stream is poured through the oil at natural 
temperatures, or modern!eh heated, if desiris!. The process occupies 
from 2 to 7 hours, but a small quantity of the usual driers shortens 
the time of oxidation. The color and drying qualities of the oil 
oxidized by (hi* process are excellent. The consumption of oxygen 
gas vnriw from 2(HMt to ItKHl cubic had per ton (2A0 gallons) of oil, 
according to the degree of oxidation required. 

The principal ditlieulty in this proems is in generating the supply 
of oxygen gas, which requires a more eompliented plant, chain of 
operations, and intelligence on the part of the workmen than that 

J>* kill t t i<«f tut It I it. it... • < i tel t«g i i»v imiuuiM nf f tm It f i n*»ttittri linll tt'ltfim fl 


or step m tne iimuLuitr.i/uiv. in mm: • 

The present-clay process of boiling oil upon a large scab' as prac¬ 
tised by most of the erushers of linseed is to dissolve -1 pounds of 
lead oxide or litharge, or both, in f> gallons of wadi aged and settled 
linseed-oil at a temperature of about lint)" l\ for u short- lime or until 
all of the oxides arc absorbed. 

This mixture if allowed to eool will harden into a firm cake of 
gum (linolate. of haul). This product while still hot is mixed with 
40 to 50 gallons of linseed-oil heated to the same degree to coagulate 
the albumin, and the mixture 4 allowed to settle. Five hundred or 
more gallons of this mixture are* made up, and while hot are mixed 
with a large; tank (5000 gallons or so) of raw linseed oil also heated 
to about 200° and thoroughly stirred together. This is connnnvitil 
boiled oil, which varies in diameter according to the quality of the 
linseed-oil used in any stage of the process, also in the proport ion of 
the oxide oil to that in the large tank, -I, 0, X, or It) to 1, etc. Lend 
oxide and a small cjunntit.y of manganese oxide make a bet ter drying 
oil than the red lead alone. 

Varnish-makers make this liquid drier for use by local painters, 
who remove 4 or 5 gallons of raw oil from the barrel and replan 4 
them with the same quantity of the liquid drier, and then roll tin* 
barrel around or stir up the mixture with a paddle stick for their 
“bung-hole” boiled oil. 

Some largo users of paint oil think that this make of "lmng hole ” 
boiled oil is as good as that supplied by tin 4 large manufacturers; 
but this is doubtful, as all of the albuminous substances in the lmng- 
hole oil are retained unchanged, and they arc 4 subject to a future 
decomposition that the 200° of heat, in the cooking of the large tank 
of oil coagulates, and they settle out on standing. 

Lead- and manganese-oxide driers made from refill, or resin oil, 
are marketed on a large Heale at. IS to 20 cents per gallon, while a 
properly made linseed-oil drier cannot be furnished for less than H 
to 4 times that price. 

Double-boiled oil means that a double done of drier and resin-oil 1ms 
been put through the bung-hole process. Tin 4 more drier the poorer 
will bo the oil product. 

"Mo +.Dim ,.tl 1. .... . . e . 



simply a trade-name for an extremely varied composition. 

'I'he reputation of the dealer or manufacturer is the best guide. 
Adulterations by the use of resin-oils are to be especially looked for in 
all commercial grades of boiled oil. 

Boiled oil is a misnomer. Linseed-oil never boils; if it did it 
would decompose into a permanent gas. The degree of heat applied 
in the process of so-called boiling by careful manufacturers is only 
that necessary to evaporate' some of the water natural to the oil. 
This degree and amount of heat also coagulates the mucilage and 
allmmiiums substances, ho that- they are released from the acid oils, 
and, by their greater weight, art* deposited as soon as the oil comes to 
a slate of rest after the heating process. In oil from ripe linseed, if 
given lime to age after crushing, the mucosities and some, of the water 
in its composition (about f> per cent), that is loosely hold in com¬ 
bination, will settle and can he filtered out or drawn off, leaving the 
oil bright and clear, and with a minimum amount of water to bo 
evaporated in the process of drying us a raw oil. Storage in tanks 
for A or more months still further improves the (til, especially if the 
tankage is kept at a moderately warm temperature. TIuh fact is 
taken eogui/.ituee of by the varnish ummtfacturcrs, who require the 
best quality of hu-svd oil for their products, and from the hotter 
prices they receive for their ware's, can secure the best qualities of 
•oil in the market at n price that the manufacturers of cheap paints 
•cannot compete with. Storage of three or more millions of gallons 
is curried bv some of the best varnish and linseed-nil trade dealers. 
The natural result of such selection and storage is, that the oil is well 
aged, dear.and bright, and ran Ih* depended upon as a vehicle, unless 
afterward adultemted or abused in it* 4 application. 

Ah stated Iwfore, all drier** are injurious to linseed-oil, and the 
marked iuferiuttH of trade I waled oil to raw linseed-oil is due to the 
driers used, whether liquid or solid, ami not wholly to the removal of 
the water and nua'o^it ii*s in the I soiling process, l lie salts and oxides 
of metals that constitute the solid elans of driers, that enable the oil 
to dry promptly, me geuerallv added iu great excess of the amount 
actually necensarv for aiding the natural tendency of tlit* till to dry. 
That portion of the driers in excess remains in the dried coating, 
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DIIYINU OK MNSKKU-tUl,. 

Mitldkii’r experiments in the diving of siccative nils deter- 
mined that there were two periods in the drying of n paint, oil, or 
varnish coating. The first period occurs in the early month.-, and 
is wholly due to the changes in the drying element- of the oil, and 
whilo these changes are in progress, the covering is always dry to 
the touch and remains elastic. This period is of longer duration if the 
coating is not exposed to the direct rays of the Min. During the 
period, 100 parts of Hit' oil at ordinary temperatures ine reu.se in 
weight to 111 or 112 parts, lmt when warmed to 17U" l\ it loses 1 to d 
parts. In the direct sunlight for all the period of dn iug, the oil 
gains about 7 parts. 

During the second period the oil becomes lmrd and linn us a resin¬ 
ous coating, the change being in (In' mm drying elements of the 
oil. The increase in weight of the oil is not so great. because the 
breaking-lip of the glycerine element lms taken place in the (imt 
period. Those total changes amount to ulwmt a quart of nil in ItHM) 
square feet of painted surface. 

The influence of heat in drying a paint or vnrnidi is apparent, 
when it is considered that in the on Unary drying of either to n firm, 
hard coating, 21 per cent of oxygen has been absorbed from the 
atmosphere or driers, yet a further exposure to the heat of the mui 
until the coating heroine's hard and resitmuH ensures n low of !i to d 
per cent of this amount. It is to Ik* recommended that this drving 
and loss be had whilo (lie coatings are still elastic, bor»u«e tin- In*-* in 
substance (due to the changes in the nondrviug oil! takes place 
whilo the vehicle is soft and elastic enough to adjust itself to the Ins* 
in volume. 

Oil or varnish dried in the direct lmt ruv« of the sun are imt ns 

.1* J l l i it rt . i* . i t ! 
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peel in .strips and cannot, lie restored; but pninL dried in dear cold 
wonlher (not frosty weather, lluit leaves a sweat in and on Iho coat¬ 
ing, ns Iho temperature rises) lusts lunger than a sun-dried coating. 

It is pudiu!ilo that the t o id-driotl coal ing lasts 1<mger lor the reason 
that its change into the hard-soup compound has boon delayed, and 
being more elustie (lmn the sun-dried, the bond between the pigment, 
oil, anti surface covered is more elTeel ually made. Hence some lead in 
the from of a drier is, therefore, an advantage iu an oil compound or 
paint, if tin' pigment does not contain it. The manganese driom are 
especially unreliable if applied in cold or unfavorable weather. 

The percentage gain iu weight of a cold-drawn raw linseed-oil, 
ex post'd for drying under different conditions, was us follows: 
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After IfiD day* the gain in weight was the greatest in the billow¬ 
ing order: green, yellow, red, blue, and uucolomL The application 
of a dry heat at temperatures of 150 “ to 170" l‘\ lira's a raw oil from 
.*{{> to fit) times faster than an ujh*u air evjsisure under the general 
conditions uf summer weather, bight, heat, and air an* all necessary 
elements to pmjvrtlv dry an oil paint or varnish coating of any qual¬ 
ity. The slow drving nib gain mure weight than the quick-drying. 

Haw linseed oil has a sjas ific gravity of 0,021)0 to 0,0,’ll, and the 
same oil Imibd. that of dill. < hie hundred parts of drying and 
lion-drying elements in the raw nil in the process of kettle-boiling 
lose K parts of glvreride ether and one part of the carlwm and hydrogen 
from the non drviug oil or fat tv acid* This is equal to 0 parts in all, 
leaving ltd parts that absorb 21 parts of oxygen from the atmosphere 1 
when the nil is fully dried, the* 100 parts of the raw nil becoming 111 




on the* presence of an om-iw of drier, or of an unsuitable one. it does 
not prove adulteration with rosin or rosin oil. It, may bo duo to 
oxidation of lead linolente into a liquid turpentine-like body by pro¬ 
longed exposure to the air. Science indicates no better way of testing 
a drying varnish than by the linger, 

Prof. Max Petteukofer removal the non-drying acids from freshly 
dried linseed oil skins by ether, halving an elastic eaoutehoue-like 
HUbstanee, which by degrees hardened and became brittle. On 
further exposure to the air it separated easily info thin Hakes; in 
fact, it hardened and cracked like the fossil twins or the comfort© 
(•rude gums. 

These deductions from a long chain of closely and carefully con¬ 
ducted experiments, not only in the laboratory, hut. in the application 
of oil, paint, and varnish coatings, witli all classes of pigments, spread 
over ferric, wood, and mineral surfaew, appear to he ignored in many, 
if not in most, of the pn *»t*ut-dav compositions of paints and oils. 

'Hie larger amount of mucilage in all unripe or damaged linseed 
and other vegetable oil-, when freshly made, or that have 1 been ex¬ 
tracted bv the bisulphide «»f earUm, the hot or steamed seed pro¬ 
cesses, deteriorates the ijualit v of the oil, and such oil even if it is to be 
kettle boiled, is benefited bv long standing to allow some of the u mu- 
cosit ies " or ’’drops" to settle, 'Die amount of thwo preliminary 
"foots" is from one to one and om*-teiith part in our* hundred parts of 
oil. 'Plie gr«*eiier or pooler the class of seeds from which the oil ia made 
the greater will be the a mount of " foots,” 
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Mineral oil or petroleum in any form cannot be added to linsecd- 
oil to evened f> per cent without affecting its drying; and 10 per 
cent prevents its drying other than an a thin skin impervious to the 
air, and the oil remaining green beneath is liable' to blister or peel on 
exposure' to sunlight. It does not hotel to the pigment or surface 
coated. 

If a tin plate routed with a mixture of a vegetable and a mineral 
oil he viewed at different angles in strong sunlight, the mineral oil 
run ho detected by the iridescent or metallic play of color, which 
petroleum imparts to nil xegetnhle oils. So elmraeleiistie is this, 
that a little experience will enable a painter to readily detect mineral 
oil when present even in a small quantity. 'Phis feature is in some 
degree disguised or palhated by treating the mineral mixed oil with 
caustic lime, chalk. Hr., and adding au excess of strong free driers, 
which may suppress the iridescent hues: hut if the sample is ignited, 
the marked pungent odor of burning petroleum vapor is readily 
recognized. 

Cottonseed oil, a semi siccative oil, was formerly mixed in large 
quant it it with litwed oil Its sprrilic gravity, color, taste, and odor 
art* almost identical with linseed oil It requires a huge amount of 
driers either eompouitded with it by heal or us fits* tlriejs to enable 
it to dry. Its tendency at the l«‘st in to harden and crack the over- 
Iving coatings; nbo to crack in cold weather, from its non-elastic 
condition due to the driers u«-d Crude cottonseed nil treated with 
strong ammonia mixed with >1 parts of water, gives an opaque brown 
etdor. Helmed cottonseed oil, fdmilarly treated, gives n brownish or 
dull opaque vellmv. I‘me linseed oil similarly treated for comparison, 
gives a bright, hi it semi trail spa ret it vellow. Mi xt un*s of both oils 
give an intermedia tore color, that a lit tie exjwrieuee will enable a 
painter to determine approximately the amount of tin* mixture. 

A quick test hv cold i*t to place a sample of tin* cottonneed-oil, 
mixture on u piece of glass alongside of a known sample of linseed-oil, 
and place the glass in a refrigerator or on a piece of ter. In ft short 
time the impure sample will Iwrotue dinrernibly thicker than the 
Hwwxxboil 


use to adulterate the latter has sensibly diminished, t here i«, how¬ 
ever, a combination of the damag'd seed oils from both crops, for 
which there is always a demand (u iurnish a mogjd linseed-oil at a 
cut-rate price. 

Resin oils are freely used to adulterate linseed nil, even by lirnie 
whose business reputations should warrant more hoiteM wares. Itesin 
mixes readily with linseed-oil, and whether its grade be light or heavy, 
it cannot be detected by its spceilie gravity, tor n quick test of ita 
presence, shake up a spoonful of the sample with h limes the ijunnlily 
of strong alcohol; pour off the alcohol and add to it u clear solution 
of sugar of lead; a cloudy precipitate shows the pir^eiiee of tom. 

Res in-oil can also he detected by the rejmtih.’ddv nmiseotis after¬ 
taste produced by it when lunched by the tongue. The odor of the' 
oil is not recognizable in the sample unless ignited, when it becomes 
decidedly different in odor from ignited litered oik If the etuk of 
the sample hottli* squeaks when it i* twisted noamd in tin* neck of the 
bottle, no further lest is necessary to denote im pie mee. 

Linseed-oil adulterated with resin oil of am guide is j caddy de¬ 
tected by passing a current of chlorine ga-> thioueli the sample oil, 
which is rapidly blackened if any appreciable amount of n- <iu is present. 

Resin-oil is especially to he looked f«u in lnuled oik it never 
hardens completely, and makes the coating " tackv If any roiidd- 
erable amount of n*sm is present in a lue*eed oil f hat ha» tended an 
excess of driers to harden the coating, the coating udl he labile and 
crumble easily on a short exposure to the atmo-phii.-, jautnularly 
in summer weather, or by exposure to heat 

Menhaden and porgy fish-nil*arc used fireh to aduhetaf e liineed- 
oil, especially in many of the mixed paints and pa n The price 
of these oils is only about one-half that of a p.«.j }u» ,i-. d »»j|. 1>ish- 

oil in the twentieth century, Used as an adtdtemnl oi lucre. I oil,eotu- 
priscs almost anything from a whale to a mow-hunk.-t. vv ith the oil 
from dead animals frequently added to help out the abomination, 
The fish-oils dry slowly, hut study, if fortified by jqn.ng, fire drifts. 
Fish-oils used for a liu-rooiing paint will stick lotigej than a litcerd oil 
paint, as they do not dry so hard. They are inntc ufTnint by cold 
than linseed-oil. and whatever tmiut coating i« snn-ml o\ t one wit a 


Win U nUKUTIlUMY SH’UICU. 

Place a sample of a known qua lily of linseed-oil ami one of the 
oiln to be tested, in separate test tubes, mik, and then heal together 
in a hot waler-l mill; if l he Mispertnl oil gives off an odor of ueruh in 
(oxidized givenidr! .similar lo lhat of lhe smoldning wiek of a lallovv 
candle, lisli oil of wane guide and amount is {uesent. 

I Hie of the most irliablr lesls of the }uuity of linseed-nil, and one 
that does not have to lie /«U /nr as in the pi eroding lists, and is equally 
nvailalile. is, \i/..: Add to 11H S pails of the oil by weight, one-half of one 
per cent hy weight each, of htbmer and red lend Well stirred together. 
Heat in any convenient vessel, and in any itmniiri', until an imuieiHed 
thermometer renelit s Isu to dtitr 1', A feather fiom a feather duster 
or chicken's wing will answer instead of a thermometer. If llit' 
feather wlien dipped in the hot oil etuIs up with u etaekliug sound, 
it indicate'* an appioximnte temperntme. A small e urn ait of air 
from a bellow- or other suture should lie blown thiottgh the oil as il 
is being gi uduulh heated. A small glass tube and a pieee of drug¬ 
gist’s tttbber lulling aie teiidilv avatlable for this part of the appa¬ 
ratus. Small sample's ate takm out fnmi lime In time and cooked 
on till iron plate, A < a> the samples appear stringy when cold, 
allow the oil to eouj, Mu dug it eon-tautlv dining the cooling. If the 
oil is solid and turn wlieu eold the sample is of good (jttality. A poor 
oil will be stick) Ulld llioie os less fluid, and of bud odor. 

Animal oils eaii be detected by their odor wlieu the sample is 
heated, a bo b\ the addition of nit i ir or sulphuric acid, either of which 
gives HU intense led color to Irdi oils. The atliilleratiou of mineral 
oils is readily discuu-trd bv the juoriw* of saponification, when those 
substances \hr to the -m fare. The Hijmuificutinn number, or th(‘ 
tmmber of milhgiaiiFi «<f K III > required to wif«*uify linseed-oil, is 
HM1.2 to 1 !*» T This muoite! for main adulterated oils is us low as 
1st), dhe iodine uuiuIh*! of linmsboil is 15s.7 to irdl.TS; that of 
fatty nr id**, J.V.i v5. 

It is frequent lv necessary to elarifv linseed'nil, The following are 
a few of tin* method-* 1 

lleal the oil slow jv up to ttIMl’t*. toTf t" I .1 eitltr** by itself or with 
the addition »»f from 1 to /» parts « f rillin' can-tie lime, earls mate of 



Mulder reconmiduIs the clearing of tinl*i« 1 h 11 -* t-«i oil 1»\ washing 
it with its own volume of warm water containing some ri.mmou salt. 

Sulphuric acid is used fur clariPviug hsi-eed »*il, patticulmh adul- 
ternlions of it. Us notion is to carbonize the hhnne element . of the 
fish-oils and Hit' mucilaginous substances in the \ cgelable oil., and 
to deposit them in the so-called "foots" or "drops." Its action is 
injurious to linseed-oil in general, tor it feioo\ ri 1 » y ea'Uoni/atinti 
a part of the fatty acids, or nondmhg element «, am/ nil of the 
glyceride ethers, the latter being essential to the changes m-re^ary 
to form a firm, hard coal from the oil when diy, Acid tieated oil * arc 
liable to dry on the exterior only, and never heroine haid or firm. 
Acid-treated oils require long, eurefuh and ft /**(/»♦ I w a* hiug * with 
warm water in the form of an air-blown spray thiough the l*..d\ of the 
oil in a deep tank to eliminate the acid, which in seldom thoroughly 
done. The acitl, besides delaying the dr\ ing, w ill attach the metallic- 
base pigments afterward associated with it in the paint. 

Graphite and carbon pigments are les* affected by sulphuric acid 
in the oil than any other class of pigment*-. 

Graphite paint-skins detached from the inetullie plates on which 
they had been spread and dried, when immer*.e«l in d per rent -n»lu- 
tions of sulphuric acid, lost hi weight from Pd to P7 per rent, hut 
were not affected in lust ns strength, or elasticity. 

This result indicates their superior qualities for heavy coatings 
for roofing paint, and in other locations where am • ulphur element 
can reach them, whether from the vehicle or the aim. sphere. 

The results of Mulder's experiments with sidphuue acid tieated 
oils to ascertain their qualities wen* that ihev did not Is-gin to dry 
materially under S days. At the end of ;t month*, the sample*, had 
gained 15 per cent, in weight, hut lust .1 per cent «.f the* when heated 
to 150° I 1 ’, for a short lime. Also a strong heat from the atm for a 
number of summer days produced the same efTet t, 

Pure linseed-oil, not treated, gained 10 per cent in the -ame 
period and lost 2.5 to l\ per cent on heating it The aeid did hot 
affect the drying elements in the oil, only the flan tit s/jii*/ Miles, as 
noted before,. 

The. c.elf ra nf the net ,«t It. 
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iog diameter, if ground in a hot mill will develop this feature more 
fully. 

hulpluuic mud in tlu* oil or pigment appears to take kindly to 
wooden Hurfuees ns u priming coat; at least the disintegrating effect 
of the acid in nut ho marked an upon metal. All sulphuric-acid-treated 
oils have a tendency to increase the galvanic action in all paints made 
from them, that are spread on wooden surfaces. When used oil 
metallic bodies electrolysis is increased. 

'Hie following table * gives the weight in grains of sulphur in a 
gallon, of a number of the oils when burned by means of a wick floating 
in the oil, and condensing in n sulphur apparatus the vapors of com¬ 
bustion, the same way as sulphur is determined in coal-gas: 


Name ni t )ij. 

Linseed-oil (ttn Plain}. . , . 

Pottuuwed oil. .. , . , 

Olive oil.. . . . . , 

(Jnmndnut oil... , . . , 

Sperm-oil, nrdttmrv. ... , , , , 

" '* btiltli' ihw.. , , 

t’ornnaut oil,........ , .. 

Nenldnot-oiL. .. 

Ootl oil. ...... ....... ... . . . . , 

ltn)*e oil (.lamlm). . ... , 

" " pure hnm a ... . ... ... . . . . 

" " nrtlimtrt lirmui 

" M brown, tvInieU «dl»’Uilphurie Heal, 

" " " " fuller^* earth . 

" ** " {Kaiiiinii'ti . . .. 

mineral ml. mule, n tms, . . 

" H " liimuuM . .. 

American mineral oil, «tii<» niut*>. 

" « " iMin.mi . 

" " " wfrtv , . 

Henteli mineral oil, u«*rd for making #«» 


Omiuw of Sulphur 
I’w Utkllon. 


trace. 

trace. 

none. 


none. 

2.3 

3.1 

3.7 


4.7 

fi .8 

11.3 

14.2 

17.4 
1C.8 
1 ( 1.0 
19.1 
20.fi 

10.3 

8.1 

10.3 

14.0 


49.8 


Wtifrr in I.inmtrftril, 
































docs nob separate to any great, degree, unless it stands fur many weeks, 
and then being at the bottom of the can or package, escapes notice. 

The covering or spreading power as well as the coloring power of 
such mixtures are of the poorest character; at least an e\tra coal and 
often two are necessary to present any sort of a creditable appearance. 
They dry solely by evaporation through the outer skin of the paint, 
leaving it porous, and where moisture can escape, the same element, 
containing other atmospheric gases can enter and they are more de¬ 
structive than I .lie moisture they replace. All water oil mistmes dry 
flat and lifeless. The use of alkalies and strong metallic salt drieis 
to form a better emulsion does not materially change their forced 
mechanical association, and if they cannot evaporate and escape util ■ 
wardly, they go inward and condense on the covered mu face, form 
blisters, and peeling results. 

It is almost impossible to spread a water-oil paint in the cold 
without heating it. If spread and not dry, a cold night, not eu-u 
approximating a frost, will ensure a blistering and peeling the next 
day. Brushing the coating over with turpentine or bett/im* will not 
prevent or eurreel this action, which will take place return lle'.s of the 
nature of the pigment. A good linseed-oil paint .spread on a cold day 
(not freezing weather) will ‘'take" and dry if a little ext in effoit «»u 
the painter’s part is made to brush if tad well and by tiring a lit I le mote 
turpentine for the drier than that used in warmer weather. But all 
painting for external exposures should be .suspended in cold weather, 
especially on all ferric structures, unless under eo\cr and in n warm 
room,where the painted surface should remain until the paint has at 
least “ net ” firmly, or until it 1ms dried enough to bear handling 
without feeling “tacky.” 

Many paint chemists deem that 2 per cent of wafer added to 
linseed-oil in excess of that- natural to it, wdiether made from ripe or 
unripe linseed, is not detrimental to a paint. To enable the oil made 
from unripe seed to carry llte extra wnler.it is rendered flight h alka¬ 
line, generally by adding lime-water, which hums with the nil \elude 
a calcium soap that thickens the paint, so that it never settle^ hard, 
and is easily stirred up, consequently, does not tlnj hurtl. 

A number of tests for free water in linseed-nil are: Heating the oil 



free wafer and swell up. fuel the paint or nil for a few hours in a 
refrigerator, ami note the difference in its spreading. 11eat a piece of 
iron to a bright, cherry red and plunge if info the oil or paint. If 
there in much snapping, if indicates the presence of free water in the 
mixture. In ordinarily pun* oil or good paint, a thick, heavy smoko 
without explosion or snapping will follow the. withdrawal of the glow¬ 
ing test-iron. 
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8UHSTITUTKH l-'UU UNSUKU-OIU. 

Many' so-called substitales fur linseed-nil havt* been presented to 
the public in the past, and til, present. they are numbered by the him- 
(.Irecla in the Paleut-ollieu records, and outside in the lornmlse oi' the 
compounders of paints. All substitute oils are us uncertain and iudeli- 
nito in character as the pigments assembled with them. 

(hmerally, a low grade of linseed oil is the base for the vehicle, to 
which one or more of the score of llu.vdoddeis or Indiums, resin, lish, 
mineral, india-rubber, and soap-fat oils are added. These are mixed 
with benzine for the volatile, also with manganese or other strong 
metallic-suit driers, put through the btmg-lmle. No heat is employed 
in their manufacture, ami some of them are dangerous tit sell, or spread 
even when cold. 

Purchasing avoids and master painted (except in a few eases) 
have not the laboratory, chemical apparatus, technical Knowledge, 
or time to analyze them to drivel, the fraud. Tin* result of their me 
comes with the lapse of a very short- time, when the semper, hunting 
torch, and a new coating are the only remedies for the r\ ils of eru/.iug, 
peeling, or decomposition due to galvanic action. No amount of 
sophistry can change tin* fact that the use of mi called substitute 
oils has in nearly every case, hern detrimental to the paint and the 
covered surface. 

Probably SO per cent of all the oils, paints, and varnishes manu¬ 
factured in the world is applied to structures of minor importance, 
which are destroyed by causes other than corrosion. These coatings 
are quite as much for looks as for physical condition, 1ml the other 
20 per cent is used on the most important ami costly engineering 
structures of our time. These ret pure protection from corrosion 

from the hour the materials leave the rolling-null, forge, ami foundry, 
...on 4.1,41.,. ... .... i .. it ... < .... 


the suiiHuiiur I'uuru uunii, uir wiuen extraordinary claims are 
made, vi/..: 

“ Lueol" * is a paint, nil, a Hifnlhctind compound, made by a secret 
process from malm mis that necesisuiily arc a part of the manufac¬ 
turer's secret." 

What it. is as a chemical compound, or as a manufactured paint 
oil, concerns the proprietumof it. Wlmt its claims are for superiority 
over linseed-oil, eunrertiM the user*. As set forth by its manufac¬ 
turers, its eluuaeterintie feat tin’s in comparison with linseed-oil arc: 

“ 1, Lueol is more durable than linseed-oil, which dries by absorp¬ 
tion ami oxidation and only to a small degree by evaporation. The 
reverse is the ease with lueol, which dries principally by evaporation, 
hence the condition of the attuospheie to which it is exposed while 
drying must be considered. 

"2, l.ueol M*m quicker than linseed-oil, which is the result of 
evaporation instead of the oxidation of its elements; tin' fund drying 
to a hone-hard condition requires many months. The retention of 
its elasticity no doubt accounts for its durability. 

".'{. Lueol set’s sooner and dries quicker than linseed-oil, hence 
is less adhesive for dust, and does not wash off if mined on, as is the 
case with other \elude’.. 

<4 4. Lueol gives a purer white with white lead than linseed-oil. 

u f», l.ueol preserves the original tint of the pigment longer. More 
lueol is used in a coating than when linseed-oil is list'd. The gloss is 
lens at first than with Itn^vd oil, but it is soon ahead in tliis respect. 
Tilt* oil is the life of the paint. 

"fl. Lueol can l»e flatted with a much smaller proportion of tur¬ 
pentine than with liumid oil,’* 

Other ndi autage** are set forth, but all are more adaptable for the 

use of lueol on ?mtfaer-« other than ferric, and Slave been answered 
elsewhere in tliis wo*k. 

The Lueoj ("tiiopauv sav«: **HV ertntvt the airiti , which is 
carefully refined b> n ^jneial and partly secret process, and by 
the use of rltriniriiK it i* e« inverted into a brilliant, transparent, 
letnciti-eolorml oil It contain** mi trtjcUthie, tntnerttl , or fixh oil, rati ft 
Or ntrtn^h t/nmzs t Iteii/iue, or other jHiW’erfld Sidvcllt liners. 


an unpleasant odor while being spread and in drying, wholly unlike 
linseed-oil, and should he llowed on similar to a varnish, instead of being 
brushed out like a linseed-oil coating, 

“ bueol, in the form of a paint, insists alkaline substances, sea- 
air, sea,-water, and covers galvauized-itnn mu faces without peeling. 
Luc.ol weighs 7.1 pounds per gallon, and is placed on the market on its 
mo.'itH as a synthetical munufudurtrf ml, wholly unlike any other sub¬ 
stitute compound heretofore offered ns a paint-oil." 

How well are the above claims founded? "We extract the olein,” 
etc. This at once destroys the claim that lucol is a s\ nt bet ieiil com¬ 
pound. It is only an oil made with a vegetable, an annual, or a 
fatty acid base. 

All of the solid fats and oils are derived from two sou: res. Tin* 
marine animal oils tire obtained from the cold-blooded fish, like tin* 
cod, menhaden, etc.., and llio hot-blooded, like the seal, sperm, and 
right whale, etc. The terrestrial animal oils me laid, neat "s foot, home, 
bone, tallow (oleic acid), etc, Both classes may be considered as 
mixed glycerides of oleic acid (('idUdbh stearic acid d ’,d I i1r ,» >d. and 
palmitic or boiiio acid ((t 1 „|[., 2 ( ) a ); the liist juvpnndernl iug in the 
oils and the two last, especially the stearic (Men imo, in the fats. 

Oleic acid 1ms a specific gravity of (I.SUN al fid'' i\ and 0 the liquid 
acid obtained by the saponification of non-drying oils and litpiid bits, 
winch contain a different glyceride than (he di ving oils. The piopm- 
tion of olein differs neeo ding to the nature of the fat f mu which it 
is obtained. 

Ohevreul prepared if by boiling human fat, laid, goose-fat, beef, 
and mutton sued, filtering (he solution and allowing it to Muud for 21 
hours, tlu'ii concentrating if a little by evaporation, adding water to 
separate the olein, and separating the litpiid from the solid mutter hy 
pressure. Olein thus obtained does not solidify n! TJ" i\ 

Olein is also prepared from olive-oil and other glycerides contain¬ 
ing it by pouring upon the hit a cold strong solution of enlist it* soda, 
which saponifies the solid fats but. not the olein. It is nho obtained 
from olive and almond-oils by treating them with cold alcohol and 
evaporating the solution, 

.Pure olein is a colorless oil void of taste and smell, insoluble in 
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olein will have mi odor distinctive of the class of fats from which it 
ia obtained. 

'Pin* uiiirinc oils nil have the repulsive fishy odor in various decrees, 
sperm-oil being the hardest to locate. 'Phe terrestrial animal oils 
have the peculiar sourish odor of cooking fats. The vegetable oils 
have a sweetish odor. A little practice with a heated sample will 
enable the most of them to be recognized. 

(Mein is nisii extracted from the organic acids in soap-stock or the 
fats left in tin* b\ products in the refining of cottonsued-oil. The 
fatty acids in the " hHiiV arc distilled with superheated steam; whim 
the distdlate cool*. and solidities, the olein is extracted by pressure, 
'fhe process is analogous to the production of commercial cottonseed- 
oil and lard stearins used in the preparation of butleriue, lard surro¬ 
gates, and caudles. There are about 2ot),(MM) gallons of olein available 
in the col ton crop of the t idled States, if all I he foots were used for the 
extraction of olein and none used for the manufacture of cheap si>aps. 

There is im amount of animal oils or fatty refuse available for 
manufacturing into olein that eau in any material way affect the 
broad tick! covered 1*\ hie-red nil in a vehicle for paints. 

(‘hetiiisln has not aimed at that stage of development where tin 1 
assembling of the cheimenl elements of fatty sulistanres in their known 
pm port ions w ill |*i* idiirr an oil or tat , All such subs! a tires must have 
a natural I me hu tin* foiuidatiou for t he chain of operations and 
reaction^ Hereoutv In change (heir nature. 

l.ncol. as a {mint \ehtrlr, therefore, »*» not a synthetical enm- 
poutiil, but a mamifuctmed paint oil. Its endorsement by nmsti't* 
painters w hen used nn passenger cars nr other works which arc n»v- 
(trial by coat mg of fneul gum v arurdi, or upon ferric Imdies which 
are thoiotighb covrt«-d with in»t.ls Ho evidence of its resistance to 
coiti» s|i «ii. A few siierrs Sul applications *»f if under favorable condi¬ 
tions Will Uof i nunteibaiance the failure*. ( ieliernliy. Uo rerun 1 of 
the failures n( substitutes f««t linseed ml is available for the public, who 
lire as lamit llifele led III knotting tthal Ilof to Use, US W'hut Vehicle 




of drying thoroughly m annul u lo ,x nmir.\ i igiooum gumnu ut me 
oil furnish excellent paints, (hat do not remain Mill ami Micky Mow 
the .surface, like, coalings prepared from linseed oil. 

Chinese wood-oil is favorably employed n> a Hour oil or paini on 
account of its hardness; also in (he manufacture of an oilcloth like 
goods, which, when dried in hot air. excel the onlinan oilcloth or 
water-proof products by (heir extraordinary elaMicit \. Theodor of 
the oil is very peculiar, resembling lard, ami remain-, in the coating 
for months, and even for yearn. 'Phis lard odor remain-* in t he lacquers 
made from the oil; hence for that use, a bo for Ilnur and other interior 
uses, it is necessary to remove it. 1 hsguisiug thesmell In the use of a 
volatile oil does uni, answer the pnrpo.se, bemuse the odor reappears 
after the evaporation of it. Among the remedies resorted lo are: 
Agitation with a dilute solution of permanganate of potassium; a 
filtered solution of chloride of lime, (ill ml ion through animal char¬ 
coal; mixing with potato Ilnur, also storing it for a long time after 
filtration, after the process of Hang am l Kudin, It b a bo posable 
to obtain a tolerable freedom from the odor by the me of u blower 
passing air heated to not txnctliiuj df)’ t\ through the oil, for t) to s 
hours, when if loses perceptibly in odor and mu be toed for luet plots 
or floor-work, For outside exposures it is not nree-^ary to attaeh 
much value to Mu* deudurixtilion. 

Wood-oil in itH mwsttdedriesojiaipte, probably due to the presence 
of mucilage and albumin. In this stale the oil heroines wuxv at low 
temperatures, and organic salts analogous to the Men rates settle out. 

Wood-oil is ladled fur a short, lime in a like' manner to linseed oil 
with a small percentage of red lead or litharge, else it will alw ays remain 
opaque. This for paints is immaterial, hut boiling is necessary to 
give a greater drying qualify. 

In boiling the oil, whether with lead nr nmnganie compounds, a 
temperature of 200° (h must not be exceeded, otherwise, in the use of 
borate of mangancso, a thickening ensues, followed in a short time l»y 
complete gelatinatiou and waste of the oil. Ileal** approximating 
100° <J. and in any case not over lst>° C. should oulv he mmd, ami for 
but a short time, when the oil should he removed from the lire and 
the siccatives stirred in. This imparls to the oil a drying quality and 
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This substance' is in its experimental stage' in the Tinted States 
as a vehicle for anti-corrosive and nuti fouling {mints. Attention 
was directed to its anti-corrosive qualities ns a natural varnish and 
its probable utility ns a vehicle for paints about the year IsTU, from 
the discovery that the axes, machetes, and other tools used to cut 
down the thickets of the euphorbia spurge, to clear the wax for a 
surveying expedition in Natal, became coated with a strong glutinous 
juice, that adhered so (irmly to them as to be with ditlicully removed. 
The tools coated with it did not rust in fresh water, and bilge water 
had but little effeet upon it, When articles were coated with it uud 
immersed in tlu* sea, lm barnacles or marine lib* would adhere to it. 
Its effect upon insect life appeared to In* equally repuldv e, and timber 
coated with it resisted the ravages of the Ttruln hhwUs, It resists 
heat and cold better than linseed-oil and varnish vehicles, while 
anunoniacal and chemical vapors do not cause blistering, sealing, or 
other injurious action. 

Kuphorbhuu juice has a strung adinity fur iron and steel, and 
w'lion applied in its crude state as it exude* from the shrub, lm* no 
injurious effect upon metals, wood,or other substance* u*ed h»r mgi* 
n coring or common building purposes. When prepared for a paint, 
the juice undergoes several special processes and becomes a clear 
gummy vehicle of a medium-brown color, that receives the usual 
color pigments much as linseed-oil does; retaining, however, its own 
protective properties unimpaired. 

lOuphorhium, prepared for a vehicle, appear* It. maintain its 
properties in all climates, and dot's not apparently deteriorate with age, 
It is perfectly elastic, tenacious, uud when dry, can be drawn out to a 
thin thread. U adheres (irmly to polished steel, tin plate, /.ine coat 
h'gs ; sheet lead, and spelter. Karlh acids appear to have little elTeet 
upon it, as pipes coated with it uud buried fur a number of year* 
show little injury. 

IOuphorbiutu juice has a bitter, biting taste, is very acrid and 
irritating to human llesh, corroding and ulcerating tlu* laxly wher¬ 
ever it is applied. The sores resemble those from nitric acid, and arc 
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The euphuihiuni ut nimturrrr is impm-tnl in casks, mul is si gummy, 
resinous sill »tamv iu I lie hum ul ilrup,-. i»t an invgular size resembling 
gum arahie. ’1 hr ‘hups runs am wgrtahle mattrr i wigs, {lowers, 
thorns, lie,, tiial eullref mi thr gum us it rwnlrs frutii thr trrr ami 
a iv third iu ; t huiu’li main ut tin- t .*ar - n iv hullt.w ami wit limit ivitise 
in tlii'iu. I la* natural rulm* *■} the tram i > a rlumiv pair yellow e\ter- 
nally, 1ml ui a lighter eolor imnualh , Tin- tram luvak rasily in tlu* 
lingers, lint atr tlitla ull tu jiiilx r! i/e, Thr principal part ui tlir process 
lu prepare thr rrmlr gum t.»r ti r a * a \ arm -h t»r a vrhirlr for {mint is 
lu fivr it lrum tin* wrriuhlr mat t« r, It h partially dissolved hy 
water Hint almost ruturlv !»i ali ithul.ether, aiai oil uf ttirpriitinr. Its 
composition In auali • i- r , \i/ 
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It ha*’ ltu arid trai lmu l*nt >m «-\i iniirU hu rainy tn-»lr, 

Thr inline ai l r lit \ i dur !*i lIn 1 ir >m. st*hihlr ui thr rllirr, \\ 1 1 ic* 1 1 
melt*-* at fur ti t<i It a i I 1 Thr m-- m n <*luhlr in rthrr melts lirtureu 
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iaiphmluuui dtu < inidil; vulliuni thr u r «*( metallic salt* or 
solvent illir! 1 *\ yall and kmdtrd * oh* f apjiraV tu hr 

ill** hr-4 ill a i i<»t it . « iii’U am. iiir in|!i5ir»i. Thr mode resin i* t!ir 
jimihtrl ul S lir I. «. .» t } u- ymm y iniiiirtur’ There .art* fil h nit 
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CMiils hiirnilriiS 1jr< jt u-nt ,h « • <■>, nrd « it h t hm in and h.i ussy *4 all. ■» imm 
II tu ti an*! ■iMiiiriuiii- ■ In P-.-t m h« syhs aiul y r **\\ ■* m alitm^l iinprit**- 



Gi the lower range ot Hie Allas .Mountains. 

The euphorbium gum front .Natal F considered to hr inferior to 
the Morocco product. North Africa F capable ot producing euphor- 
bium in suilic.Leut muounts to siipplv almo-u am driuaiut fur it. 

The |>;ti!ii is called in Arabia " 1 larkmow..," and is known in the 
Eastern markets tis “ Karlium." 

In India there are 1 l(i species of the Amnnnluin <i referred tn 23 
genera, in addition to the ti, ns ini ft m and some other varieties found 
in Arabia. 

The JJ. tlnicum’iilnitlt s in India (/// vim) Meld'. 2fi per cent of 
a (dear oil of a yellowish or greeuFiev ellow rolur from the* dry 
husked seed. The oil is more limpid than liie.erd oil, does not 
become ropy from age, and is used for a hunting and dr \ iug t»il. 

The J'J. lalhyris is raised on the edge-, of the holds in Franco, 
Germany, and .Switzerland. It eonlains -HI per cent of a thud oil of a 
siccative nature. 

The JJ. nm'ifolia grows wild in durum, ItuluehFtan, tin* Malay 
Islands, etc. It yields a gum of a gutta percha nature tut boiling 
the stems and twigs of the* shrub. 

The E. Itoi/lmna is a largo fleshy shrub common on the dry rocky 
hillsides of the Himalayas, growing at an elevation t.f ti(HH) feet. The 
sap of this plant yields a superior gut ta pereha. 

The Pixlir.ia hcntisniH yields the resin mie-tir. 

The Mvlannrs/am itxitntissiina yields the black varnish of Hurma. 

The Indian llolitfannt lontji folia also yields a varnish. 

The Indian Odina H'm/tVr is covered with its brown gum, which 
streaks down the stem ami ultimately turns black. 

The E. pulcherriout is an ornamental shrub grown in Mexico that 
yields a milky sap which hardens into a black gum, mat can be boiled 
down to a sort of gutta-percha, Guatemala and other countries near 
tho torrid zone also have a large number of trees that furuFli the 
natural varnishes, though no attempt has been made to bring them 
into commercial importance. 

The P. terchinlhm is a tree growing along the shores of the Medi¬ 
terranean Rea. It furnishes the Cyprus turpentine. 

The Japanese lacquer-tree, or tin* vrvnhi-naki, is known in China 
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wood, ivy, etc. 1 hr American dogwood \\as formerly thought to 
be of tilt* sume s)teeies, Iml is now placed in another of the siune order. 

In Japan* the lacquer-tree gnm, to the height of about 30 feet, 
and at the age of IU yearn F about It) inehes in diameter. It reaches 
its greatest perleetion in the Held and quality of the luc. or varnish 
at the age of I s .war*. 

The mule lae, failed h i unmlii, F collected at any time between 
the months of April and Ueinber bs making a number of horizonlnl 
incisions in the hark of the tree m a manner similar to the “boxing” 
practiced to gather the sap of the long leaf pine- or tnrpenLine-Lree. 
The tree is hacked in this manner tor from lit) to St) days, or until it 
dies, when it F cut down, the bark and sap-wood removed and steeped 
in hot water, whu h extracts the la-'<t remnant of the lae, about half a 
pint, which lonir. the poorest quality of lac, known as "roiru-urKHlii,'’ 
or black vaiuidi. The tree seldom survives the first season’s hack¬ 
ing, at whatever age it F done. 

The vanudi live is piubablv native to (Tuna, hut it is also found 
mitive in Japan, and F cubtvate<! all over Nippon and in several 
districts of Kinds?.'! and Miikoku. and there are extensive* planta¬ 
tions in tin* \allev of Tadnmigawa and Xurtlierii Kehigo. A tem¬ 
perate eSimate neeur» to best suit the growth of the tree, as it reaches 
its greatest perfecti*m utt the main idand north of latitude 3(>°, It 
is cultivate*! in \i»rllt»*ui Hondo, between 37'* and db n . U tuny he 
of interest in considering the question of habitat to note* that the 
Hhm vrrnirift m, mentioned bv Mr. J. .1, Hein, are growing in Ger¬ 
many at Frankfort on Main mid at Slrudmrg They endured the 
lmrd winter of 1 s7d ho, when the temperature readied 27° 0. 
Ill Japan the li «w est telupet a! Ot'e in XofilieOi Xolidiiu IS *- 12° ( . 

The lac F purified hv a ruining it througli e**tton cloth, evapo¬ 
rating the water In exp*enre to the •am or bv a gristle heat, Some¬ 
thin's water F added t«« the erode lac, and thev a O' ground together 
on a paint dab, and thru the water F evajH»ntt«*il, Various coloring 
mutters are added to the purified iae l»v grinding, »n is usual in the 
manufacture of oil naiuta. 1 tlack lueotier other limit that furnished 




gall from pigs ami oxen, to givo hotly to the lac, 'l ho purest lar is 
from the first run of flu 1 sap nflor lapping. It U called mtshifi it rush i ) 
and is bleached in shallow vessels laitl in tin* sunlight, Tin* other prin¬ 
cipal grades arc tint hcnki-untshi, the unbleached j shunt-uruslti, and 
the roiro-urushi, or black varnish. 

There arc about 20 different grades ami qualities of these lacquers 
in the Japanese market, of which tin* above an* tin* principal ones. 
They vary in color from a light brown to a deep jet t \ black. 

Lacquer is thinned only by heating. Tin* addition of water 
thickens the lac info n jelly. Lacquered objects are always hardened 
in a humid atmosphere, such as a room with wet cloths hung on the 
walls, or containing a spray or vessels of water. 

All varieties of varnish-lives an* propagated by the seeds and 
cuttings. Tin* seeds are gathered in October and sown early in the 
spring, make 10 to 12 inches’ growth the first season, and in 10 
years are t) to 10 feel high and from 2 to 2 inches in diameter, in a 
favorable soil the annual height-growth during the jir.t 0 years is from 
20 to 20 inches, and diminishes afterward to from to to 20 inches. 
Plants from root, cuttings grow more rapidly than seedlings, but the 
latter make hardier and longer lived trees, 'flu* tree-* after the I ns l 
5 or 0 years require very little care, and are generally tapped at any 
period after tin* tenth year of their growth, though • otnet hues it is 
(loin* when only *1 or H years old. 

The climate and soil of at least one-third of the Lulled States 
arc us favorable for the growth of lacquer-tree*. a-, those of Japan or 
(Lina. Their cultivation requires no more care than that given 
to the migitr-nmple nr the Kueulypfus. Specimens of the trees are 
growing in the grounds of the 1 Jepartment of Agriculture at Wiedi- 
inglon, I). 0. 

Plants which an* largely cultivated in Kurope have been confused 
witb (he Japanese Witts nntieiftrn, Tiny are, however, a differ¬ 
ent variety of the tree. The AHnitlhuH ifltuithtlum J h in {'Vance 
calk'd Verm's dr JttjHin, is also of the vnruKh-benriug -per lea. 

The poison - sumach, /i ’him venmita, common in the Lantern 
United Slab's, yields a sap that furnishes a black, bunions, durable 
varnish, verv similar to that derived from the Japanese live. 



yield jin while or pure n hu tpmr ns those in Chinn or Japan. 

A h|)ihu«'h of varnish-tree llmt grown in India was thought to bo the 
veritable Anunmlc, but it is entirely different from the Jupuni ho 
"urtm" variety. 

No attempt to cultivate any of the varnish-trees on a commercial 
H( .jd(* has been made in riiln-r Kumpe or America. Tim manufacture 
uf bic't|uor ami lacquer ware is oru* of ilie most important industries 
of China and hipstn, It seems natural that if tin* largest uhi'I'h of 
varnish in tin* world depend almost solely niton lluw natural products, 
(heir rultivation in America is writ wotth trying. 

In China tin* Hhim nniia/im, or varnish tree, in culled ('li'i-xfm 
( Tni-chtui), also Li Ituhi. It grows wild in tlm province of Kingn 
and on tin* island of Trirom, smd is cultivated in (he mountaiiiH of 
Hupeh and Serrhwan. but the best varieties sire found in tin* province 
of .lamutlo, where it b eultivnted extensively. It is probable that 
the Mingjat and Foochow varnishes, as well as tin* Hupeh, sire from 
the Hhw* irrniajn-tt A varnish tree growing in Smith China differs 
from the sdaive varirtv. but b not well known at present. 

In (hitm the Hhun n nan ft m grows iibmtt 1 o In 20 feet in height, 
seldom renehi'ig one foot in diameter, and has but few brunches. 
Tin* hark b white, knot t\ , and peeb readily. The wood is fragile, 
resembling the uillon ; tin* pith b very abundant Its leaves have a 
mild taste, and when ruhh *d mi paper, dye it a dull blaek. 'Ihe flowers 
are greenish \ ellow, an 1 have an odor resembling oraUge-blussnirH. 
The fruit b of tin* smd dmjte of chirk pea, and at its maturity is 
very hard and of n diru color, The seed furnishes an oil and wax 
which are r\ien>4ve’!v ti *ed, 

From tin* bellies of th«* fthun n niicifirtt, Wi ua tmctrdnhu , and 
other related t’hiueo* and Japano e spi-eie*, a vegetable tallow is 
extracted and used for caudles. The wax is exjMirtisl in large quati- 
titles to (iieat hrilain and the \ idled Stall's for an adulterant or 
substitute tm 1 tee *w ax, 

The general eoiiipodt ion of rnid" Inc is hie arid (a resinous add, 
soluble in etliert, (HI to stt per r ut, a gum d to (I per cent, n nitrog- 
eiieous hii! tsjaiii’i* re -emlTug ailoiuuii 1 7 to To per <*ent of n vohitile 
ncit . and water, which are dmeit off iit the preparation of refined 



inhaled or in contact with tin* llesh, produces what an* knuwn as 
varnish boils, accompanied by an intolnublr itehmg and burning 
sensation, .similar to that produced h\ tin* putM*n t\ \, They are 
diHic.ult to heal, anti resemble tin* elTeet of nit tie and <<u tin* llesh, 
r liie Chinese atttl Japanese us* lacquer as a vat m *h or vehicle 
for colors on all kinds of household uten *d>, a 1 m* for the inside and 
on I side coalings on their building**. barquei m a \ eluele can 
be. used for alt tailors except a {Hire white ntnl some of the lighter 
sluules of other rulers. It is applied to wood, poreelain, am! metals, 
and forms a hard resinous surface, Iiighh lustrous. practically insolu¬ 
ble in 1 lolling water, alcoholic* liquids, alkaline and arid solutions, unless 
in a higldy eoneeulratetl form. Application** of lacquer to the under¬ 
water surfaces of a number of .lupnneM* war vessel** for boih nutbror- 
rosive and anti-fouling coatings have been \nv sureessful The 
coalings, after a sen-duty of four years of the voxels to which they 
Wert* applied, showed no signs of either fouling or corrosion. 
Applications of other nutbfouling paints »»f all characters over 
lacquer coatings were failures, tin* urushir uni! of the lacquer attack- 
ing the metallic base ut the foreign anti fouling paint, resulting 
practically in tin* destruction of both. 

The best results for under-water murine work wit It lacquer is had 
when the first coating is a heavy out* and almost pun* lacquer. The 
succeeding coats can be thinner in body atul contain either a pigment 
or some inert substance to give body, Mica, graphite, lampblack, 
etc., have been used experimentally with success fur these secondary 
coatings. 



CHAPTKR XXVII. 


IlKtWY OF l'AINT. 

Host proceeds solely from the action of an acidulated moisture 
upon a bright or clean iron surface, and is probably only n point 
lit ils inaugural, 'ria* alliuity of the iron for the oxygen in the acidu¬ 
lated moisture of the air or water in the oil, or from other sources, 
is greater than its bond wit It the hydrogen as water (II./)), the decom¬ 
position ensuing releases the hydrogen, which is sixteen limes the 
volume of oxygen united with the iron to form hydrated Fe () 8 or red 
rust, The hydrogen, front its light specific gravity, in its effort to 
eseape into the air pushes up the overlying paint routing, iuerruHOH 
the urea of the atfeeted part, eracks the coating in its exit, moisture 
enters again, and corrosion is master of flint locution. The rust 
which has tints been formed is hygroscopic and carries 2-1 per rent 
of moisture as it haurn, This moisture ntvtr tlrim out under any 
atmospheric heat coitdiihuts, but is ever ready for a chemical decom¬ 
position ; the hvdraled red rust, l»eing nearly two times the volume 
of tite iron front which it is homed, adds its efforts to the free hydrogen 
to push up the muting and form n blister and ernek in the coating, 
How energetic this mechanical action title to corrosion is, may be 
observed «m tin* nrditmrs east iron hand railings for fences and out¬ 
side steps of New \ iuk t ‘itv and other city houses, which in hundreds 
of instances are *4j»lit for more or less of their length. Cast-iron 
water or gas pipei, ntih hell and spigot joints, are frequently made 
wills ru»f joints The\ .almost im nrinbh hurst the Itclls by the swell¬ 
ing of the ilolt ceiueltt tl«rd to make the joint, 

'Pite cut, fig, do. shows » *erjt*»n of a well-known railway viaduct, 
the iron euicdruction having been painted over mill-scale, or in the 
condition the materia! left the rolling-mill and workshop. It had 
received the mom! treatment given l»v eoutraetiug engineers to remove 
the mill-scale preliminarv to painting. 




Wt'D' Jllnccu 111 poMf lull, 

Thr euiTuMHji existing in liruiifir.s* lulmlar iron bridge over the 
Si. buwreuee River ul Montreal, Canada, had proeeeded to no great, 
an extent ua to ivtjuuv tin* removal of the whole structure, it being 
impossible to 11 *|iiur if. I la* rllorts m replace the ri’osN llnor-1 teams 
supportiug flu* mil f, f1 11 iff.<*i.*» resulted in loosening every rivel in (he 
neighborhood ol She iepaim, Rilling around file lieinI n of (he rivel.s 
had proeeeded •* la I and deep that if was impossible to cut l hem 
uul without loosening ev«-n routlgtiuiis rivet. 

This bridge had been Kept well painted with iron-oxide mid some, 
experimental pami*■ applied rout alter real, These routines when- 
ever removed, or that Jell nit dining the periodieal eleau-up, or attempts 
to repair am! pamt the (iueime, showed the several eoalilies of mill- 
scale, paint, and new imi loimalioir its plainly arranged as the leaves 
of II 1 inoh. 

Rig. 37 shows n spmbi state oi eom in join 



In. It?- (Wroioii <4 • t<. 1 eml* t W >djiiii?toii Meet railuav bridge, H»otnn, 

\J ,*•> 

111 1 ST‘I l *»n \ :i 5 !i j o } t iOi.il-4 ‘•laird S’- t he t'e-lllt o| Ills elisor- 
\ at inio of ■ |*11»• o!*•? .d in iho 1 neh -h iisv ul ^ i si iion **, that when the 
mill‘>eale w 1 1 - Irft np<*u dir j*l.-iti-->. auelr-n and other parts of the 






In 1SS7, Mr. Hialton I hvm gave before the in unite ««| Xavai 
Architects his experience as to n vc-m! built eutm 1\ **1 -tee! M»me 
night years before, which usi> t*»un«! f«* In- g tenth rnrini|»-»l in tlir 
blinkers iintl water-ballast elmmheu urns the engine n«*ui ntnI Halers, 
{Sonin of llu' angle-irons hatl entueh dnappean *1. and the fir {hates 
were eaten away in holes. Thi-> action could hr n.uv.1 dmvfh to the 
presence of mill-scale, atul u hether the mm tan- \vt tr euateil with 
paint or cement or not, the mmtMcn wa* nlwnis pient u|mu» those 
plates amt angles that had mill scale upon them, ami wux ntmnil in 
those I fee li’otn it, 'Pile presence oi the paint m other n »ut iug retarded 
corrosion only in a minor degree by piruntmg moisture from reach¬ 
ing the met til covered hy the mill -rale. 

In i SS2 Mr. Kan pi ha isoti, on helmlt oi the Kngiish Hoard of 
Admiralty, conducted a numher ot vm exhaustive e\pn*iintents at 
the tlitTereiil naval stations to test the action of imti scale nit ships' 
metal. The result was to establish H-vond depute that, first, 
no pitting neeurred oil mild steel whin find funn null xrttU\ second* 
that the loss it i weight in an eon oston of elean mild -< t *•**! ami eleau 
iron did not tliffer much; thiid, that the act ion of noil scale is cote 
siderable ami continuous, mid ttpud In u smalm' mmmni **/ mpper in 
its corrnxiir action on metal eovernl h\ it Since the.,* e\{«>riments 
the Admiralty have never wavered in (hch ptact ter ot Imunit nil 
of the ships* Uietnl pickled to remove the mill rale, vvhrthet H is 
to lit* covered by paint or cement, or to he gnh aiumd. 

])r#tcuctin Ai/nd# of fhnnls 

Pure water is a greater destructive elrmenf to mt oil coating 
than solutions of std numnitime, ehlotide of magnesium, common 
salt, or natural sen-water, if Cm* from sewage. all of which are agents 
of destruction. The decay of a paint is hastened hi meehanirni action 
if the wafer, cither fresh or salt, or the other solution-, ate in motion, 
Ordinary commercial oil coatings are dcMioied hi diluted noniatic 
and nitric acids, alkaline liquors, ammonia, sulphide ot anunouium, 
soda, caustic alkalies, ami alkaline wilutioim of eon! n*4ir*>, rbuhris. 
Cinders, soot. etc. I)lhltf*d Kill il uric I >id lot a I tt mttlei ia li affect 


A coating “f pain! appear* to In* a vciy simple thing, ns it is, when 
nppliftL to a liuu-r nr Imm and both art* left io tlu>ir fall', but when 
applied l‘* an important engineering structure, with all tlio vicissi- 
(tides of service in ilie ext rente* uj heat and cold, sunshine and storm, 
atmospheric and *‘1 her gases from natural ui* manufacturing sources, 
frnni corniniw liquid* and solid*, it is a different matter, ami requires 
mure engiueeiim* expet tester tu select, mure chemical knowledge to 
compound. and muir trebuind details tu get the right thing in the right 
place at the right time, in the right manner, and in the right amount 
than the general run ut master painters du ur ran give to the subject. 
If the iulhiem-e. tu which a coating uf paint is to he* subjected are 
known, it ran generally )«« determined in advance whether if will 
he durahle. lor instance, suite white ur u\ide (ZnO, specific, gravity, 
f>, 12) applied as an external cuuting absorbs rarlatuic acid from the 
air and some im<i tutr, ehangitig tu a nirixiimte of ‘/fine (Zn(’() a , 
specific gravit \, I 111. liming t l»i-* change (here is an increase in 
Volume from I I ft, a* an oxide, tu 2\ 1 a** a rurl>onntc, This change 
from an oxide tu a eatI miuh! e is a chemical one, and occurs during 
the process of dn iug, hut the * huit/r m ihr mlitnu of the two substances 
exerts a uteehaniral aHcm ah u in the iUhiiih of the pigment, not only 
to disrupt ihem and h ave them louse attd t*jtf*ily carried away by 
the wind, tain. He , hut « tael k » and Howit* the oil vehicle in which the 
pigment v> entln dded n-> well a-> it*. 1«**»«! In whatever surface it covers 
But if the MW oxide coat tug h applied in a cloned room, though the 
air cuntatu * the **ntnr amooui of rut Umir acid, or even inure than 
the external ait, the oxide dor-: not rhatige tu a nirltotmle, as (lie 
Uerr«H»fy Omen m>- !*■ larking; belter gills' oxide fur internal COtltillgH 
H durable, hut b*i mtt t‘le ntat big* b prt idt.'iMr, 

ll**d lea* I t1‘1»,« q .*>j »er ills' giauit. ft t>7» remain** miehatiged lmd(»r 
ordinalv aiiu»r<phei ie ruisdittuiri, 1 ait if the ait cunfaisis liydric sul¬ 
phide, as it in mum uiauufarturiug eHublbhiuritts and towns, 

tu u notable extent. if w ill In an inexorahh* ehetuieal law change 
the oxide to a ulphide *,f lend 1 1*1 *S. spec Hie gravity, 7.KB, arid 
lilts chemical rhauge I tr»UjilK dell* »!ed 1 «V the hlllckelUtlg Of lliscolnra*" 
tarn of tIn* ci* h! t w ill also lie are* >tuputtie*! I»v ait increase in volume 



cinaiioit of tlit 1 copperas nr mastit nr of the me t ,i h<-i« i<«i<<i»• tinted». 
is another instance in which an inexmablr r!u imr.ii chance m mir 
of lilt' pigment’s loose suits!niters p *l»<jmmi* *i in ;i ehuiu’c in i,, 
specific. gravity, its rorrespondiur clmm*r in \ nhm.i , and a lurch.ui 
ical action to reinforce thr chemical artnm *lu»- t<» (hr nm nil \rhielr 
lout lt*< l wit li its charge of driers. u In nr function i »>« rithrt decide 
]Hist 1 or consume hy a alow combustion iIn* " m ?n " in thr nil 

while at tempting to dry. All filter in .latter air -dinilsu in rtVrrt 
to wind. Would occur ill thr pl.Tdrl rd wall *4 a hnildmc s! f hr H»ni far 
list'd in it, wlu'U partially dry. should Uem to m« r ,e«- in volume 
to the amounts ns given ahovr. (hhrt m tamr m dd !><• cited, lmt 
Iht'sc show tlml thr pigments of thr coal me ran !«• < din rii a, to 

prt'chidc tht 1 drstruction hy them of thr routine, hot that u i - alm<r<t 
inijiossihli' to guard the which* from thr ittjtti mu . ustlu. nrr, iuh»tmt 
ill the composition of thr pigment. that !•* chanced jo > h u art.a . afire 
its npplirntion, hy chemical lawIh tier thr al> .In.- mvr u\ 
that, tm order for ti protective paint • hottld inrlnd • thr i ondiitoit . 
it. is to he subjected to. 

In addition to the preceding rentalh > upnii u.«n »-v E .| >oaphr 
and other paints, and the several tr-u civm m d> tail nt a lew uf 
Hu 1 many paint compounds, it may hr unti-d. vi * 

All pigments* can hr grouped into three da-.- , ,nTt u duir in t!,,ir 

nftinity for linseed-oil. 

hirst. Those (hat form rhrtnienl romhiti ataui'i called ■.nap'- .and 
are generally the most durable. They cmidu »«i 1, ad. /iur. ; ud 
iron bases, of which rial lend combine-* with the ml in i h>- .-t .-at* t 
t'Xtt'lit; next, the pure carbonate white trad mad.- In the "t dd | n t :rh 
.Process,” followed hy zinc oxide and irnimvi.l.-.Tial.. v utol.. <, v,!!,,« 
o<hit 1 , also, filially, the chrotiuttrs nt lead, chruiuj" , rt«eu, atal chrome 
yellow. 

.Second. Pigments of tliis class, Siring neutral, have nu ehnniral 
athnity tor (he oil; (hey nerd large amounts <.f drier-., either n<i«r 
hined with and carried hy the oil, or a- five drim, Th. v include 
all blacks, graphites, slates, slags, vermilions, Prussian, Park and 
Chinese blues, term de Kieutia, Vandyke hnmn. Pari, mem, vnlierk 
ultramarine, carmine, and madder Ink •*. Tlh ... 
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parent color-, an>! iuv bet ti*r adapted fiu* varnish mixtures and glazing. 

Third. Pigment > id 11 1 i•' class art desl metively to linseed-oil. 
They have an an.I base (mostly tin salt. hydrochloride of tin, and 
redwood live) ulurSt tonuM, w it It tin* albuminous ami gelatinous 
mutters in the oil, a jrlh like roiupontul that dors not work well under 
the bnnli inn - Imid>-u sutheieullv. and ran hr used hi n varnish for 
glazing otdv, Among. the mo* t troublesome tire the lower grades 
of so-called eat tuiurs, injuIdrt lakes, tost* pinks, etr., which entitnin 
more or less acidulous dus, hamiug with linseed-oil a soft paint, 
that dries on the ran taco only and can he peeled off like the skin of 
ripe fruit. 

"Cultd)*ds ” is a trim introduced bv Berzelius, and hv him applied 
to the changes that sugar solution** undergo in the process of fer¬ 
mentation, and tiou used to denote therlmntj.es that certain substances, 
by (hell lucre pi rseliee, i lire! in other I iodic* without themselves 
undergoing nuv apputent change, Catalvtie aelion is a potential 
agent in the drenv of paint routings, aud manifestly has not received 
the attention fr«<m paint eh. mi m and eoiujHttmders that its marked 
net ion on the life of a routing u annum, '{‘he present efficiency of 
the iueande' ceiif gn- light i wh<4h due to catalytic action between 
the «nh--ianc. s Ihai coinpo the maiitfe ttheii excited by the rotn- 
hiistioit of ihr gas In Ih.- dri,.-lopna-ut of thi-* fight nil of the rare 
n ineial o\id.' and m» ! al. and f !a* ovides of the baser metals, chro¬ 
mium. alumina, »»4« ; ds, mangum- nickel, and iron, wlteii associntetl 
with I hoi ia in i la- mantle, hat. ** found to net as catalytic agents 

to cany , roud*-n- r. m ah -ah u\\ gt-u, that increases the flame tetn- 
perntme of tin- mantle and mu .ispa-nth increases the light. This 
flame tempi-! jii lire in *>• unr cioa-’* i caches I In* point where volntili/.a- 
tiou of nniiii- of tie- bas.-t mrt.'d-. and M\idt*s en-ucM. Ch a ret ini, pow¬ 
dered glass, poi n kon tk mu -’pat. rt \ - faUi/cd quartz, pumiemstoite, 
and othi i kindo 1 -iil»uj»nr«-. air ah... found to art as catalytic agents 
in eumhir sion but d** mu d*w. k.p *«, high tt ilatue temperature in 

the timulle n-< tin- oils I "nlo! alici-s, uIhiVc Jlolisl. 

(oinhualiou «*f anv -uibstance mn\ !*r ijitiek alul attended by tt 



catalytic to some other substance, either in its own class as a so-called 
inert mineral pigment, or in the chemical class of oxnles hu\ iug a lead, 
zinc, iron, or other metallic base, ludividualh, lhe\ mn\ he appar- 
ently unallectod by long exposure to the air while in their loose statu 
or in packages or hulk; hut when mixed together, 1 law take up moist¬ 
ure or oxygen to a greater or less degree, either In absorption in 
mass or by condensation upon (heir sttrluces, and eatahtte action 
ensues, dive oil vehicle and driers arc eatuh tie ot themselves, and 
when mixed with lhi* pigments act mote enetgt tnall\ as iat i iota 
of oxygen even when the coating is apparently di> . In all pigments 
and vehicles, the one that, is l he* most ret melon , or that n the most, 
resistant to oxidation in whatever form the o\\geu ma\ he presented, 
is the one. that ads the part of the thuria in the gadtght mantle, 
becoming thi' negative or non-consumable substance, that, though 
excited to tv greater activity by live presence ot the other substances 
in the paint compound, retains its resistance to a change the longest 
at the expense of the other associated substances, rims lar, lamp¬ 
black and graphite, in (heir subdivided form as pigments, appear 
to he the only substances uni subject to catalytic action, or if it is 
present it is so weak that the life of the coating is not materially 
affected from this cause.* 

Cuuxtic. Action of Mortar ufam Paint. 

An examination (11)01) of iron door beams taken out after an 
exposure of about forty years showed dint live beams origiuallv 
were particularly well painted and laid in a locution where milv 
tint dry warm atmosphere of a residence reached them. Tile paint 
coatings had been thoroughly destroyed by the nnMie action of 
the lime mortar used tu turn the brick arches in which the beams 
wore embedded, ('urrosioti was well established in everv inch of 
their surface. Had any moisture, us in the case of the Times build¬ 
ing, reached them, their condition would have bent fnllv as bad. 

The iron beams supporting the sidewalks laid uUtut fortv \ears 
ago in New York (Tv, (hat were removed for the Uupid Transit 
Tunnel work, iuvuviithly show deep corrosion from the desiruetion 


promoter of it, if moisture or air ran 


reach (he .surface so covered. 



Km. iiK. -ComiKion of sidewalk iron beams. 


Uytlrnulic, also cjuickltnie mortar, only prevent corrosion ro far 
as they are fret* from mill-scale and continuously dry to exclude 
the air. The paint coaling when burned by the caustic action of 
mortar or cement, adds no material period to the life of the iron 
and except for appearance and protection during construction, might 
be left off. (See t’lmpter XV.) 

The modern hollow tiles used for floor arches and building partitions 
with their advantages over brickwork, do not remove the cause of 
the corrosion of any iron that they may be in contact, with. 

Gypsum, while not caustic, is livdnimctic, and the continual pres¬ 
ence of moisture is fatal to ferric bodies; besides, it is not always 
fret* from caustic substances developed in the calcination of it. 

'Hie following cement for the levelling, bedding, and in contact 
with metal work, is recommended. The cement hardens like stone, 
is impervious to water, and can be applied by n trowel from a mortar¬ 
board, over walls or to lay brick wherever mortar can be used. It 
is made from marble thist (from marble sawing or pulverizing mills) 
mixed, viz.: 
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cement porous. When the mastic is to be used, for every 100 parts 
of such mixture, 7 parts of linseed-oil are required to bring it to a 
good trowel paste. The oil can be either raw or boiled, according 
to the time of drying required. The surfaces to which it is to be applied 
should be dry, clean, and preferably coated with linseed-oil or a good 
carbon paint, before the application of the cement. 

A refined bitumen coating applied to the bright metal, hot, has 
proven to be the best of coatings for ironwork laid in cement, mortar, 
or concrete, to correct the caustic action of them. 

The metal work of the movable dam at Lake Wennibioskish, 
Minn., constructed in 1899-1900, was cleaned bright by the sand¬ 
blast and then painted three coats of Edward Smith’s Co.’s Durable 
Paint, applied one week apart, each coating being thoroughly dry 
before the application of the next. Observation of the paint in 
1901 showed that the coatings had been completely killed and ab¬ 
sorbed wherever the painted metal was embedded in the concrete. 
The metal was as clean as before painting, with a slight discoloration 
of the surface of the concrete from the paint absorbed. The metal 
exposed, however, did not show the same tendency to rust quickly, 
as before the application of the paint, on the short exposure before 
again being put in place. The surfaces not in contact with concrete 
were in good condition. 



t'UAPTKIl XXVIII. 


HAN'IMUjAHT AND l'lCKLIN'U PIUH'KSSKS. 

Tiik sand-blast is t 1 h* most satisfnetory and HiinpUvst method of 
cleaning all surfaces for painting, whether at the shops or in situ . 



Tin* invention of the sand-blast is due to (loneral Uenj. Tilghman, 
and was patents! October IS, 1H70, No. ION/ION, but has since 
expired. Then* are some patents for sand-blast apparatus of subso* 
(pteiit date, issued to other partita for improvements relative to 
jHn'tuhilit v, eluding of the Hand in tlie ease, ete., still in effect. 


















paint. coalings an* generally thick and .somewhat sol toned by the 
water, about i K „ square font of metal is cleaned per minute, or 4N 
to 00 si pin,re feel per hour. This costs about 3 rents per scpiare 
foot of surface, as the. waste of sand is greater and the work cannot 
be done so advantageously in a dry thick as in a shop. 

On the New York Klovuled Hailway Station at 155th Street an 
average of SO square' feet per hour was maintained for a number of 
months in removing a hard eoaling of old paint and rust to the. bright 
iron. The. loss of lime in changing nozzles and shifting scaffolds 
was about one hour per day per nozzle. The labor account was 
one man to hold and direct each nozzle; one man to attend to two 
sand-boxes, and one man to clean up and supply sand for the four 
nuzzles or seven men per corps the men shifting their scaffolds with¬ 
out other aid. The four-nozzle plant for bridge or viaduct clean¬ 
ing will clean about 2500 square feet of surface per eight-hour day 
at an expense of about $20 for all hen h, except (he man and coal for 
the compressor, or S cents per square foot, which would be modified 
by the amount of denning for each structure. 

Removal at the shop of mill-scale and dirt, is done at the rate 
of -1| to 5 square feet of surface per minute, or 270 to 300 square feet 
per hour per nozzle, or about 1 cent per square foot of surface. With 
un organized corps and plant, the cost of denning surfaces need nut 
exceed j| cent per square foot of surface, large or small, or about one- 
third the labor-cost of the painter on a firsl-dass coat of paint, and 
requires about the same degree of skilled labor as painting. 

The met id-work of the movable dam at bake Wonuihiosktsh, 
Mium, erected during HKK), was cleaned bright by an extemporized 
sand-blast. A hoisting-engine run backward furnished die com- 
prtwinl air, an old steam-boiler was used for an air-receiver, gas- 
pipe for nuzzles, and garden hose for leaders, etc. 

Mr.W. (’.Weeks, (MO.,* reports “that four laborers and one engineer 
in charge of the apparatus cost for labor $9.22 and $2.50 for fuel. On 
general surfaces, -10 square feet per hour were denned, using two nozzles, 

* luitpjitrrint} Urmnl, Muy •!, 1901. 


In a number of United States navy-yards, with welt-equipped, 
permanent, and fairly perfect sand-blast j>hmts, the east ot cleaning 
averages £ cent per square foot of stirlaee. I his lor plates \ inch 
thick is 1)X ceil Us; for i-ineh plates, SI.ho to $2,00 per ton. In 
sand-blast 7-inc.h 1-beams weighing 17.5 pounds per foot costs 
$1.35 per ton; 12-inch l-beams, weight fit) pounds per font, cost St) 
cents per ton. 

The average cost for cleaning plate-girder bridges in min is proba¬ 
bly $1.00 per ton of metal. Imr truss and lattice-iron bridges the 
cost of sand-blasting ranges from $1.00 to $1.70 per ton. 

The United States Army Kngineer Corps cleaned aO.OOO square 
feet of steel lock-gates and oilier metal on the Musele Shoals Canal 
during 1XDX 00 from a temporary floating plant. The cost of all 
items, was 0 cents per square foot, and the new coat of paint cost 
2.XX cents per square foot. 

Mr. Oeo. W. Lilly, C.U., reports (lie cleaning by sand blast of a 
number of railway bridges and viaducts in the city of ('oluudnm, 
Ohio. The, work was doin' under exceptionally adverse eireum 
stances, but. indicated that X cents per square fool covered all the 
expenses, her cleaning a viaduct over the Little -Miami Ruilua\, 
containing 25,000 square feet of surface in a ronlitied location when* 
tile cleaning was interrupted by tin* train service that frequently 
amounted to one-fifth of the working hours, the cost of the work, 
including flagman, sand and drying, compressed air. and all other 
expenses, including the labor, was It,01 eenfs per square foot. tin 
the best days, in a favorable location uninterrupted hv the train-. 
1227 square feet were cleaned per day at a cost of 1.20 rents p,-r 
square foot. On a plate girder containing 0727 square feet, the 
cost was 2.37 cents per square font. 

The. pressure of air ranged front 25 tn 3X pounds, averaging 33 
pounds per square inch. The mr/r/.les wore rapidly. They were 
of i-ineh extra heavy wronghl-irnit gas-pipe, about 2 ftvt long and 
lusted from 3 to 5 hours each. 

The expense of handling structural metal at the shops after machin¬ 
ing preparatory to sand-blasting it, ranges from It) cents to %} 50 
per ton according to the weight and character of the pieces and faeili- 



A recognition oi the tuc.i that, structural steel is a perishable 
material, requiring thorough protection from corrosion, during all 
the stages ol its manufacture and list', should be required of every 
engineer, and the subject should form an import,ant part of his edu¬ 
cation. There is no part of structural engineering maiding a more 
thorough reform in both spirit and practice than this one. 

The apparent indifference, regarding the. future fait* of steel mate¬ 
rial, after if is in location, is probably due to the mistaken economy 
of the engineer eorps and the proprietors, on account of the added 
cost of properly denning the metal. If cleaning is necessary, as engi¬ 
neers mid all admit, it. should be specified in flu* contract., properly done, 
inspected by a competent person, and paid for like any of the other 
processes, and the penalty for its non-fulfilment be us strictly enforced 
ns for a badly driven rivet or poorly ninehined or lilting part. The 
above deficiencies are readily delected and can be corrected, but the 
poorly denned surface escapes notice and is readily put out of evi¬ 
dence by the handy paint-put. 

It is the imperative duty of (he engineer in charge of structural 
Work to require his inspector to perform his duty at all limes so that 
a radical change shall be bad from the present practice of churning 
and painting ferric metal, the corrosion of which is im\v too much in 
evidence. 

At a late meeting of an engineering society, the protection of 
ferric structures from corrosion was under consideration by oral 
discussion and correspondence. The cleaning of the surface of steel 
to the absolutely dean melal by some method, preliminary to the 
immediate painting of it under cover, was unqualifiedly endorsed. 
And yet within the limits of a ten-mile circle* from the engineers' 
meeting there were many thousands of tons of ferric structural mate¬ 
rial in process of erection by the* engineers represented at the meeting, 
and scarcely n ton of this material had received any other cleaning 
than that from a putty knife or a whisk-broom. The quality of the 
applied paint in many eases was us deficient as the cleaning. Ho 
much for theory i*nmw practice. 

Pickling the metal instead of sand-blasting it is more practised 
hv Kuropean than American engineers, especially for structural work. 
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are recommended. They art', equally as safe lo handle and should 
be applied hoi if possible'; (.lie latter quality is best for removing the 
scale. 

In foreign navy-yards, 9 to 10 per cent hot solutions are used, 
the metal remainin';’ in the hath five or more hours, according to (he 
quality of the scale. This requires a largo pickling plant- and 1ms no 
other advantage's. Wlieai appearance or test shows the scale is loos™ 
ened, the metal is mnoved and we'll washed by a copious ami strong 
jet of water under 75 pounds or more' pressure. 

Soaking the metal in baths of still or light running water does 
not thoroughly remove the. acid. The still-water hath is the cause 
of the failure of tin-plate. 

Pickled metal is liable to become coated with a tough, gummy 
substance, quite dilheult to remove, except by tlu* friction from a 
strong jet e>f water. Arsenic in the sulphuric acid made from pyrites 
also adds to the gummy deposit precipitated on the nielnl. Acid 
free from arsenic, should be specified for the piekle. The gummy 
deposit prevents the paint from bonding to the metal, rendering it 
liable to peel. 

After the metal has been washed by (lie jet of hot or cold water 
it should be immersed in a hath of hot lime-water and lie left in it 
long enough to reach the temperature of the hath, in order to neu¬ 
tralize any of the acid not removed by tlu* wafer jet. It is then 
removed and dried, preferably in an oven. The coating of lime left 
upon the metal can he easily brushed off, leaving the metal clean and 
bright, which will show evidences of rust in an hour if not painted 
immediately. 

Muriatic acid is sometimes list'd in place of sulphuric acid for the 
pickle. If is not as effectivt* as sulphuric acid, it costs more, and the 
gummy coating formed by the piekle* is more dillicult to remove, 
requiring a hot alkaline or caustic-soda Imih, instead of lime, to remove 
if. A solution of sulphate of zinc is effective for the removal of this 
gummy coating. 

Ob i< l Iv n'c <1‘ ir 1 hu t r* ’ 'es a i w sin • • fir sot t nl 



GASOLINE PROCESS FOR CLEANING METAL. 


277 


cleaning baths, and ovens, will bo from 50 cents to $2.00 per ton, 
or rather more than is required for a sand-blast, as the several pieces, 
though of the same weight and character, have to be moved more 
frequently. 

Steels high in carbon, or cast-iron articles, arc difficult to pickle, 
as a film of graphitic carbon forms on tin*, surface of the metal, which 
mixes with the gummy deposit from the acid bath, and requires 
considerable labor and cure to remove. 

When l lit* sand-blast or pickling process is not available, mill- 
scale, rust., and old paint coatings are removed from works in situ, 
by the gasoline burning torch, followed closely by the scraper and wire 
brush. 

The cost of the burning process is ho closely connected with the 
painter’s labor ns to bo difficult of separation, but a quart-burning 
torch will burn H£ hours, and one man can saturate rust-spots and 
burn off from SO to 100 square feet of surface per hour, at a cost of 
h f° /‘o cent per square foot of surface, leaving if ready for the painter. 

A modern parlor, or sleeping-car, (15 to 70 feet long, requires three 
gallons of gasoline to burn off the outxidv paint coating, and about 
four days of lime, for one man to use the torch, followed by two men 
two days each, lit sandpaper ready for the painter, or a total cost of 
45 cents for the gasoline, and $15.00 for the labor, or to 1 cent 
per square fool of surface, 

Cnrv is required in the use of gasoline, either for the torch, or for 
saturating the old paint, as explosions .and serious burning of the 
workmen, and fires, are frequent. Insurance companies forbid the 
use of cither the torch or fluid for the removal of paint or rust in any 
building covered by their policies. 

Any material that can be inelosed in a chamber or iron casing 
and subjected to tla* action of a bath of low-pressure steam for 20 
to 25 minutes will have the old coatings softened, when they can bo 
easily scraped oft. This is to be followed by a thorough washing 
with soap and water, and rinsing. A pair of locomotive driving- 
wheels required HO minut<*s to scrape and wash after steaming. The 


pounds of melted laundry or soft soap. ilio (wo mixtures added 
together, when cold, should lie of the consistency ol putty. It is 
applied by a trowel or stiff -l-inch flat brush in sitceessive coats ahoui 
to l inch thick, (tart; must be used in mixing the lime. A stirring- 
paddle should be left in the tub to form a vent to prevent the caustic 
mixture from blowing out. 

The cost to remove the paint from a pair of locomotive driving- 
wheels by this mixture is 05 rents for material and 15 hours of labor 
at $2.25, or a total of $2.00. Careful washing with hot water to remove 
all traces of the eaustie-soda paste is required, tts for nil strong alka¬ 
line mixtures. 

Wooden surfaces treated with caustic-soda compounds to remove 
paint or varnish are injured by the raising of the grain of the wood, 
which cannot be, restored by sand-papering. The part S St i t Crated 
show spotted; even a sluining-cout will not cover them uniformly, 
Jbine woods are injured the worst. 
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KKUUK’-PAINT TKKTS. 

On.iI'U’TioN in made by some engineers and paint manufacturers 
in the immersion methods of testing paints; that tlvoy do not meet 
the actual eoiulitiuUH of coatings exposed to weather; that a ferric 
structure is not always wet, but wet and dry, with more dry hours 
than wet, etc. 'Fins would depend altogether upon the location of 
the' structure; in many instances there might be more wet or damp 
hours than dry ones. A fog or long-continued sweat is more destruc¬ 
tive to a paint coaling than a passing storm. But the plain fact 
remains that these tests are all competitive us between different 
commercial paints, and under uniform conditions. The trial given 
one paint is given to nil; the few successful ones are the better ones 
to select from to base any subsequent improvements or experiments 
upon, or for use. The water-test settles the merit of a protective coat¬ 
ing in short order, and so soon us generally adopted by those ordering 
paints for the protection of ferric structures exposed to weather,so 
soon will the great- majority of these patent, paint compounds cease 
to vex the engineer with high claims and low performance. 

The nearer any protective coating approximates an enamel or var¬ 
nish, generally the more durable it will lie. 'The Japanese and Chinese 
lacquers are varnishes, and dry better by tin* application of water 
than in dry air alone, and all compounded varnishes are hardened in 
the last stages of their drying by water. Lacquers when thoroughly 
dry remain unchanged for scores of yours, when exposed to fresh or 
suit water either hot or cold or alternately wet and dry, or immersed 
for years. The coming ferric protective coating will probably be a true 



Tests of Twenty-seven Fnylish Commtreud Feme Faints. 

In a paper * mml before (he Newrustle, Knglund, section of the 
Society of Chemical Industry, Mr. Henry Smith, described 

a series of experiments upon the protective power;-, of twriitx seven 
different Knglish eoimnercinl paints, ns applied to ironwork in fifty 
separate inslanees. The methods of te->t were those de\ Ued and 
employed by Mr. Max Toll/,, (’.K., in a series of experiments upon a 
number of American commercial protective confines bn non m I.S'IT. | 
Three sets of bright and clean iron plates, all of the same si/e, were 
respectively coaled with the several paints, in nil ruses fntmdied ns a 
stiff paste, and when applied, were brought to the mu ,i-.(eury of a 
])aiut by mixing with genuine boiled linseed oil. capable of dniug 
in seven hours under ordinary etanhtians oj h m jurat an . nu tint rs 
being list'd. The first coat was allowed In dry thoinugldv firm before 
the second coating was applied. When this also was In to and hard, 
one set of flit' plates was exposed to the went her, us in ordinal s eases 
of painted structures. The other two sets were treated u\ follows: 
One set was simply to corroborate the results obtained from the 
other set, the results being practically identical m each case, Kuch 
painted strip W’ns placed in a chain, wide mouthed glass Untie, half 
filled with clean pure water. The Untie** weir not closed, but were 
protected front the entrance of dust and impurities while allowing the 
air free access to tlit* painted plates. Several of the plates had com¬ 
menced to corrode in about a week. This win iudientrd hv a cloudi¬ 
ness in the water, which afterward became fmther oxidized, and 
formed a ml precipitate of ferric oxide, which subsided jmiiH to the 
bottom of the vessel. After three months' rxjH.sme the plates wete 
removed, and the liquid in each Untie, together with ih< • sediment, 
was tested for Ihe perrenlage of iron present in the hum of sun 

The figure given as denoting the amount of mst union is j,--,s than 
the actual amount, as it does not include the pmtii-n that adhered 
to the plate, and was not scrupl'd or 1 inished off, ami w■ >uiii mn dtidtt 
off. 1 n each ease the weight of rust w as rulrutaied in* j« e imU of inst 
per 1500 square yards of painted am fare; the ofhet figures give fhr> 
percentage eompoHitioit of the several paint * bv weight 
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CONDITION Al'TIOU TIIHKM MONTHS 1 EXPOSURE. 
Pound,s oi Bust Irom 1500 Square Yards of Surface. 


“ -...33.33%,; 


5S.S0';;,; “ 

3 samples /me oxide, 

it 

•15,01)';;,;..., 

Zinc oxide. .27.27%*,; 

it 

03.03'’;,; “ 

While lead, pure ... 


02.51!%,;..., 

While lead, ,5.3.7s; 

barytes 

40.33%,; “ 

- “ 50.52%',; 

“ 

42.10''; “ 


■ 01.1 1 '',; 
. 02 . 02 %,; 


75 lbs. 

50 “ 
95 “ 

51 “ 




raw oil, 13.11% 123 
“ “ U.SS% 123 


(1 samples of red haul alone, or mixed with barytes 50%; raw oil, I0.00%^one! 1 ' 
lied lead. . .22.00';barytes, 00.00%,; total, SN.()0%,; “ “ 12.00% 

■ 02.13';;,; “ “ 7.S7% “ 

. “ “ 10.00% Trace. 

.90.00';;,; boiled oil, 9.10% “ 

“ 7,M% 

“ 5.S9% 

" 7.3S% 

Iron ovide, pale (50';, Idy ) a ). .S3.00',;,;. u <c iG..jQ<y 

" deep (00'Ke a O a b .S0.S9';;,; . ° 

" “ vend inn red.7.55% I 

Barytes.SO.57% I 

Iron oxide, medium color (94%, 

.H0.K9%,; . 

Iron oxide, extra bright color 

(00' r l"c,l >j).S2.35' , ; 1 ; . 

Iron oxide, pure (90% l’'e y (> a ) . 70.30%.; . 

" " medium.12.3(1%''. | 

Barytes. ..70.22'',’, I 

Indian red (70%, Ko.O,).H2.35%\; . 

Turkey red (95%. Ke.,1>,).Kl.10' ; ; . 

Iron oxide...27.03'; j 

Barytes and ealeium eurbunnte.02.52%, f 
Barytes (natural barium sul» 


plinte).KK.00%, 

Iron oxide, Venetian red. ..... N.47% 
Barytes and ealeium cnrl>ount»\7K>'0%, 

Iron oxide, ... .. 13.93' 

Barytes and ealeium carbonate.00.00% 
Hose pink (principally barytes). 12.1-1%, 
Barytes and ealeium carbonate.so.50%, 

Celestial blue ll.K3%, 

Barytes ami ealeium carbonate. OK. 99 % 

Ivory and carbon black. N, 12% 

Manganese dioxide. ...... 2.10%' 

Barytes and ealeium earbonate.79,30 f ‘' 


13.11% 134 “ 


17.05%, 137 
23.70% 100 


.ss.52%; 


11.4S% 244 


17.05% 227 
18.84%, 202 


. S9.55';, 


10.55% 39S 


.87.27% 


12 . 00 %, 155 " 
12.73%', US'' 


.H0.07'* 


" " 12.14%, 242 

" “ 7.01% 200 

79.87%,; boilcHi oil, 20.13%', 352 


92.39'; 






















mixed with celestial blue, Prussian blue, chrome-yellow, raw sienna, 
Vandyke brown, Italian ochre, Brunswick and oilier green*, eliminate 
of haul, I'higlish umber, Turkov umber, ultramarine, Chinese blue, 
burnt sienna, mixed with raw oil in proportion?-, front 11 per rein to 
5L per emit of the weight of the paint; I he corn t.siou in the order 
named above ran from 1 OS pound* to 111 pound* per lb(K) square 
yards of surface. 

ICxeept in the ease of the blue*, umbers, siennas, etc., where the 
pigment had hut little itifluenee on the oil to resist decay beyond 
that inhermit in the oil alone, the more separate MibrUance.s dial, 
entered into the composition of the pigment, the mote unreliable it. 
became. A single exception is noted in the ease of a Venetian red 
paint, made from harvtes, calcium carbonate, and a small amount of 
iron oxide, that gave a better re.Mitf than bat \ tes alone, or when 
barytes was mixed with the other color pimneut? of much le*-* sprcifu* 
gravity. Several substances in a composite paint are getieialh fatal 
to its jirotcclivc qualities, no matter to what it n applied, Tito 
several atoms of these substances, men if tmifmmU di-tt ibufed in the 
pigment in tlu* process of grinding, bolting, ami u ixmr (but tl»e\ are 
not), will not. retain their juxtaposition when mixed with the oil, 
The heavy atoms will sink, and there will be a imulo-d diffmejuv in 
the coating spread from the top of the paint in the pot fioiu that in 
the middle or bottom; the lightest atal most pmidiable Mil*- tuners 
will g(>(. on thi' surface firs 

Barytes worked well with red lead and /iue nude, then brine but 
a small difference in (heir sperilir gravities a* rompaini with bat \te* 
and the other color i.r base pigment*. \\ iih white h ad, a* the pet 
(village of barytes was increased, so was the ruiiodon, Aside fjoiu 
the reduction in cost of these lead and /iue pigment . In j h,- addition of 
barytes, tlim’e is no rensoti for it* tmr, a*, the Imnir. alone did not 
give a satisfactory test. No doubt from tbr - phntmv rbaiaetm of 
its atoms, as has been before commented upon, it i nImllv destitute 
of covering or culnrittg power, I he vagaiir*. *4 thr m*n <<\i*|r paints 
in tht' varying proportions of the pigim-nt and nil ,u< omu, able, but 
Uut so marked as where I airy tr*. out* of t he hrav i«-ii *•! all j iigiu« - uf s, 
and calcium carhunatc, one of the lighten, !h» th rbe-ed n* it ert 
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superior to raw oil as a vehicle for the several iron-oxide paints in the 
ratio of one to nearly live. 

Smith’s Dish-tests of Paints. 

A second series of experiments were made by the same experi¬ 
menter, and following the. method of Mr. Max Toltz, (J.E., to wit: 
A number of iron dishes I’m* inches in diameter and one-half inch deep 
were scoured bright, and then coaled with two coats of the several 
paints used upon the above-detailed iron plates and under the same 
conditions as to the composition and drying of the paints. These 
shallow dishes were filled with water and allowed to completely 
evaporate in tin* open air of the* laboratory. This operation was 
repeated six limes in the course* of six months. Thus tested, the only 
paints which remained practically unaffected were red-lead and 
orange-lead paints, some of which, however, such as tin* “vermilion- 
olio" and scarlet-red paints, contained a’so a proportion of aniline 
colors, while two of the red-lead paints contained in the one case 
•If) per cent of barytes and in the other 06 per cent. All the other 
dishes wen* more or less rustl'd, the order of merit of tile better paints 
being as follows: 

1st. Zinc oxide. 

2d. Equal parts zinc white and barytes. 

3d. Zinc while, 3 parts; barytes, 7 parts. 

•1th. lathopoue (a mixture of zinc sulphate, zino oxide, and barytes). 

full. Pure white lead. 

0th. White lend, f>.37 parts: barytes, 4.03 parte. 

7th. White lead. d.Of* parts; barytes, 4.21 parts. 

All the other paints, thirty-six in number, proved inefficient. 
The first to show rust was that one painted simply with linseed-oil. 
The above classilicalion of merit is by Mr. Smith, and, taken together 
with the detailed report of the glass-bottle test (before given), may 
be considered a fair representation of the protective qualities of the 
hundreds of commercial ferric ]mints foisted upon tin* market under 
various trade-mark names in the United States as well as in England, 
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or even a wooden one. The dish-test, probably, is llit' nearest to the 
actual condition which a paint must withstand. When the water 
in the dish is nearly evaporated, there remains in the eireuhtr seam 
of the bottom a film of water which contains the carbonic acid and 
the decomposing gases and dirt, from the atmosphere, which act 
upon the paint in such a way that the coaling at that part is soon 
permeated and rust forms. This action is more and more developed 
after each evaporation, and practically covers the whole dish in a 
short time. In actual service (lie same thing will happen, The 
corner of the dish finds its counterpart in every corner of a fi trie 
structure where two plait's, angles, or other parts join. Rust will 
commence at those seams and extend under (he paint, lap will not 
show as plainly on a bridge-truss as on the small dbh, 

Toltz’a Tests of American ('omnureiat Ft rrie Faints. 

The shallow-dish tests by Mr. .Max Tull/., t’.K, (before referred to), 
were made prior and during IN07, and extended over a period of 
from six months to two years, Without entering into as great detail 
as that quoted from Professor Smith, the deductions from his tests 
are in brief. Twenty-two different paints were submitted to test 
under the following elassifeatiun: 

No. 1. True asphaltic varnish paints eom|wtmded by beat in the 
same manner as a black baked japan, and practically of the same 
nature and comparable (herewith. No corn>sion reported after the 
dishes had been filled uttd evaporated naturally fntu tin*n times. 

No. 2. So-called asphaltic varnishes, or paints of inferior qualities 
to the above No. 1, made from nsphnltum dissolved in liemdue or 
other volatile vehiele, but terre not a true vnruish. They contained 
about 43,5 per cent of vehicle and 5(1.5 per rent reported to be ns- 
phaltum. Ah a rule they showed well in the beginning, but after the 
volatiles had evaporated, <'specially when subjected to a moderate 
heat - test, the coatings became quite brittle, were ensile removed 
by abrasion, and did not protect the surface covered with them. 
Their com posit ion varied in the several .specimens tested. On .snt mb* 
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which they arc closely related. The dish painted with only one 
coat showed a little deterioration at the end of the fourteenth evapo¬ 
ration, while thi' dishes painted two coats were uninjured, the coating 
being as elastic and lough as when first applied. 

No. -I. Iron-oxide paints consisting of move or less iron oxide 
with more or loss silicious matter, and compounds of lime and mag¬ 
nesia, They were' of different grades and qualities, were as a rule 
well ground and spread well. Ihuler test on the dishes painted with 
one coat, after the fifth exposure many rust-spots appeared. Those 
painted two emits were refilled six times, mul on them the rust was 
plainly .discernible to the eye. 

No. 5. C lrui>hi(i' paints and silica-graphite compounds. These 
paints wen' received from the several mamifueturers in the form 
of a stiff paste, and when mixed, ready to apply, parts of paste 
to Hi parts, by weight, of boiled linseed-oil were used. The dishes 
painted with one emit were evaporated ten limes. After the fifth 
evaporation a few specks of rust wen 1 noticeable, and the number 
gradually increased after each successive evaporation. After the 
tenth exposure some slight difference between them was noticeable, 
but not much. The dishes painted two cnaln were exposed thirteen 
time's in two years, and none of them showed any rust, or indication 
of rust. The natural toughness and elasticity of the paint still 
remained. 

It will be noted (hut there is a with' discrepancy in the results 
of tile dish-test of Mr. Toll a, ns above, of the graphite paints, both 
the natural amorphous pigments and the compounded silica-graphite 
pigments, and the plnle-test given by Professor Smith of pure / lake - 
graphite mixed with raw Ihmrthml that gave 215 pounds of corrosion 
to 1500 square yards. This, no doubt, is duo to the repellent nature 
of the pure flakt-graphite; the pigment does not take kindly to the oil, 
anv more than soapstone does. Raw oil, oven if pure, contains from 
5 to 7 per cent of water, that renders n combination of the graphite 
and oil quite uncertain unhw under the influence of heal. The boiled- 
oil vehicle with pure finke-grnphite, used by Professor Spennrath in 
his experiments (hereafter refcrml to) with paint-skins detached 
in** m.awbWnmt nn McnoKuro in a mire water-bath 


lor most, paints over raw on is sustained m uuese tj^peiinieiiLs, ao j.u 10 
in daily practice elsewhere. 


United States Navy-yard Paint Tests. 

The result of these tests corroborate the series of tests made by 
order of the Secretary of the United States Navy in 1884-5 * By 
request, sixty paint firms submitted seventy-five different paints for 
test, which were applied to five hundred test-plates, and then im¬ 
mersed in sea-water at four navy-yards, and upon one government, 
vessel in service. The paints that successfully withstood the test 
and received an order of merit, were red lead, zinc oxide, carbon, and 
graphite compounds. The so-called asphaltum paints were at the 
bottom of the fist in the no-merit column. Evidently there has been 
slight improvement, if any, in this class of paints since the date of 
the U. S. Navy tests to the present time, and one can but wonder, 
in the face of repeated and recorded failures, that they ever receive 
an application to a ferric structure, ashore or afloat. Lead, zinc, 
carbon, and graphite compounds maintain their supremacy for gov¬ 
ernment work. In other tests of commercial and special paints, 
where the tests have been carried to the destruction of the coating 
as a whole, the partial destruction of the vehicle was generally fol¬ 
lowed by the disintegration of the weaker substances comprising 
the pigment, such as the carbonate and sulphate of lime, asphaltum, 
iron oxide, and the various color pigments, viz., the ochres, umbers, 
blues, greens, carmines, yellows, etc. The only pigments practically 
unaffected by the destructive element were the graphites, the silica, 
barytes, slag, slate, and brickdust.- Other adulterants were but little 
affected, some of them being partly recoverable, which was also the 
case with the red lead, white lead, and zinc-oxide pigments. 

Commercial Coal-tar Paints. 

Fourteen commercial paints, principally of the coal-tar and asphalt 
class, were tested under uniform conditions, viz: Wrought-iron 
plates, free from mill-scale, were coated with two coats each of the 
following paints. All of the coatings were perfectly dry before the 
second coat was applied. When the second coats were dry and 



bustion gases from locomotives and coke ovens reached them freely 
at all times, this exposure being similar in all respects to that of rail¬ 
way-bridge paints.* 

No. 1. Carbonizing coating (Cohen Mfg. Co.). 

Physical 'properties. —Very black, good body, spread well, and 
covered a large surface, coating smooth. 

Drying properties. —Poor. 

After 24 hours, wet. 

“ 48 “ quite wet. 

“ 72 “ slightly wet. 

“ 96 “ dry. 

Physical test. —In sea-water, much rusted and blistered, paint 
easily rubbed off, and in bad condition. Atmospheric exposure, 
condition of coating, fair. 


No. 2. Durable metal coating (Edward Smith & Co.). 

Physical properties. —Brownish color, thin and required a large 
quantity to cover; adhered poorly; coating thin and uneven. 
Composition. —Linseed-oil, asphaltum, and kauri-gum 
Drying qualities. —Dried slowly. 

After 24 hours, wet. 

1 ‘ 48 “ tachy. 

“ 72 “ slightly tachy. 

“ 96 “ dry. 

Second coat dry in 7 days. 

Physical tests—In sea-water, much rusted, peeled off easily, 
and blistered. 

Atmospheric exposure. —Rusted badly on edges of the plate. 


No. 3. Turpentine asphaltum (C. A. Reeves & Co.). 

Physical properties. —Coating thick and uneven; required a 
large amount to cover. Spread poorly; adhered well. 


ficbuc-pmnt tests. 


2 88 


Drying properties.- 

After 2-1 hours, <|uit<> wet. 

“ -IS “ l achy. 

“ 72 “ almost dry. 

“ S-l <f dry. 

Physical test .— In sea-water, much rusted, paint peeled off 
spots; did not. rub off as easily as No. 2. In two spots conns 
had eaten through tin* plate. 

Atmospheric exposure. — (Audition very hud, rusted all over. 

No. 4. “B." Black varnish (Mica Hooting ('o.). 

Composition.. A coal-tar product, contained light oils, imphl 
lone, and anthracene, not indicating much pitch. 

Physical properties. Very fluid, gave a smooth coating. 

Drying properties .*■ 

After 2-1 hours, wet. 

“ *I.S " quite wet, 

“ 72 " slightly wet. 

“ 90 41 dry. 

Physical test. In sea-water, fairly free from rust, but coat 
was rough and uneven, broken off in many places. 

Atmosphm'c exposure, busted badly along the edges. 


No. />. Asphallum paint ((\ 10. Mills A to.). 

Composition. Asphallum, petroleum, and want' linseed-oil, 
Physical propnties, Thickens on exposure' to air; gives a th 
uneven coal.. 

Drying propnties .—Dry in fid hours. 

Physical lest. In sea-water, much rusted and blistered, la 
part, of the plate coaling entirely gone. 

Atmospheric exposure. —Plate in very bad condition. 


AfU'r 2'1 hours, slightly techy. 

“ 20 “ almost dry. 

i < < < t ( i < 

“ tit) “ dry. 

Physical lest. -In sea-water, did not blister, rusted considerably, 
paint, off in spots. Not so good condition as No. 4, but better than 
Nos. 1, 2, 2, and f>. 


No. 7. U A.” Varnish (Mica Hoofing Co.). 

Composition. Aspludtum, in petroleum spirits. 
f'hysical properties. Fluid, spreads well and adheres well; gave 
a thick coating fairly smooth, smells strongly of petroleum spirits. 
Dry inn properties. - 

After 24 hours, quite wet. 

** 4<S “ slightly tacliy. 

“ tit) “ dry. 

Physical test. -In sea-water, much rusted, not blistered, paint off 
in numerous spots. In bud eondition. 

Atmospheric, exposure. Badly rusted. 


No. S. Mimral rubber (Assyrian Asphalt Co.). 

Physical properties. This paint was so thick and viscous that 
it could not be applied without thinning. When thinned with naphtha 
it. did not work satisfactorily, and the experiments with it wore aban¬ 
doned. (See Chapter X11.) 


No. 9. Hlack rooftny piinl (Samuel Cabot). 

ComjHisition. Pitch dissolved in light petroleum oil. 

Physical prnjtrrtics, Fluid, gave a Htuooth eoating that adhered 
well. Smelt of tar-oil. 

Dryituj properties, —Dried in 56 hours. 

hi • i . . t . . _ _. „ ....I ...... j.:. 
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No. 10. Bind) paint (Thomas Mfg. Do.). 

Composition. A coal-tar paint with a heavy oil menstruum. 
Physical proportion. Much like No. 9. 

Dryiny proportion. 

After 2-1 hours, wet. 

“ -IS “ I achy. 

11 IK) “ dry, 

Physical tests. ~—h\ sea-waler, paint came **fT easily; tunny rust- 
spots. 

Atmospheric exposure, —Bmtdilion fairly g<»od. 


No. 11. Slay cement paint (Barrett Mfg. Dm). 

Physical proportion. A coal-tar paint, producing a coating similar 
to Nos. 9 and 10. 

Dryiny proportion. Dry in 00 hours. 

Physical fonts. In sea-water, had a tendency to peel off; soine 
rust-spots noticed. 

Atmospheric exposure. I’late badly rusted. 

No. 12. “Forrader" (Wui. Somerville's Sons). 

Composition. (Iraphile, turpentine, oside of iron, and linseed-oil. 
A compound or patent paint. 

Physioal jn'operties. Color, purplish Kray; routing, very thin; 
throe coals recommended by the manufacturers. 

Dryiny properties. Dry after Is hours. 

Physioal tests, In Headwater, paint peeled off badlv, plate*, veiv 
much c.orrodod, bad condition generally. The graphite settled to 
Hit' bot.tom of Ilit' can in a tenacious pasty mass, and the paint was 
spread with great, difliculty. 


No. 12. “Antnxidc." Ready mixed paint (Hamsun Bros.). 

t > li>ioi/</i/ w/i*» »/►»•/ -It i I...<t..)<■.. i.. .... 1 t.... I 


^.unrjumuion. paint nuiue jrom com-tar ^prauu process;. 

I’liijuuvl g pr<ypvrLics.-~\)o{'\)-h\iu'k color; spread well and adhered 
well, giving a smooth even coaling, rather thick; contained 10 per 
cent free carbon. 

Dri/iiu/ properties. -■-Dry in 8(5 hours. 

I'/n/Nicul Ic.slx. In sea-wuler no corrosion or blistering; had a 
slight tendency (o peel. 

Alnmxphcric. r.v})otmrc. -Plate slightly rusted; stood the action 
of comlnislioii gases belter than any of the oilier competitive paints. 
There was no tendency of the paint to run or crawl when applied to 
any metallic surface at ordinary temperature. (See Water-pipe 
(billings, (’hapter XII.) 

A number of commercial ferric paints were tested (bS90) by 
Prof, lm O. Baker for their comparative resistance to heal, sea¬ 
water, strain, elasticity, the fumes of sulphuric and nitric acids 
also carbonic acid, with the following results:* 

The sample's of paint named Were 1 furnished by the manufacturers 
for Ihr ptirptm ■ and mixed with linseed-oil as directed by them, mid 
spread on clean bright wroughl-iron test-plates. 


Itefercwe 

Ntimltt'r. 


1 

2 

a 

•i 

n 

n 

7 

H 

U 

1U 

11 

12 


Kind uf Paiitt. 


tied lead. . .. 

White tend. ... .. 

Purple iruii oxide. , ,, .. 

Chattanooga trim oxide. 

WillimtiHpurt iron oxide, , .. 
Detroit superior graphite. .. 

Mexieun graphite. 

1 Hxou'a graphite. 

Trinidad asphalt. 

lieHHetner paint. 

(’iirhonizing coaling. 

I.ilhngen aUiente,... 


WfitflK nor 
(intliiii. 

Ilnw Received from tlie Maker, 

t’uumld. 

21.72 

Dry pigment. 

21 .21 

Paste. 

i 1 .2-1 

Mixed ready for uao. 

H . 12 

Dry pigment. 

12 mi 

Mixed ready for xiho. 

u.-tu 

M ii * it << 

H. f>7 

Dry pigment. 

H. HI 

Mixed ready for use. 

h r»2 

h <( if it 

12 (It) 

If If (£ U 

n nt 

u u n u 

17. (Hi 

Paste. 


A sample of each paint in one and two-coat work was exposed 
to heat and the products of combustion in the smoke-flue from a 
boiler burning liitumnous coal. The condition of the plates on 
removal was: 

1 T? *d land.— hi nt'relv d nul and very brittle. The powdery resi- 










H'.'llll ill HI (IK HMl UII' 


entirely dead, and very easily lemmru. 
exposed the base inolnl. 

!{. Purple iron oxide. Covered with 1 di-t**r>. Paint Mitt nod 
easily removed. Removal of the blisters exposed tin* lame metal only 
to a slight extent. 

A. Chattanooga iron oxide, fom-ideruhh hinteivd, moderateh 
soft, adhering wt'll. Removing the binders did not expose the base 
metal. 

5. Williamsport iron oxide. Covered with blister.*-. Paint tena¬ 
cious, adhering Well. Removing the blisters expired the base ntetul, 

lh Superior graphite. Small blisters, Paint hard unit dithenlt 
to remove'. Almost impossible to expose the base metal. 

7. Mexican graphite. Soft and readily reinmed, Returnal of 
blisters did not expose' the base metal. 

S. Dixon’s graphite. Very few blisters. Paint bard and \ety 
adherent. 

0. Trinidad asphalt. Smooth; eousiderahle uf the paint melted 
and ran off. The portion remaining was hard and buttle. 

10. Bessemer paint. Soft and hard to setuteh nil, 

11. Carbonizing eoatiug. Ridges \er\ rniispieumr., Paint lit m 
and adherent. Removal of blisters exhibited a \ ei v pm mi’., loose 
strueturc' of Ihe paint. 

12. Lilbogen silieate (white paint). Sul^tantialK the same as 
tlu' whib' lead. 

KITee.t of salt water. A set of tin* plates wen* exposed to a *<aiu 
raft'd Solution of Sen -salt (liritte) for se\ eU Weeks, tin* plates being 
frequently withdrawn ami allowed to dn . Then rmidtitnu at the 
end of the exposure was; 

1. Red lead. Hard ami adhering. Metal elean and bright under 
the two coats, but badly rusted under the single nut 

2. While 1 lend. Hard and adhering. Clean metal under two 
coats, rust under the single mat, 

3. Purple iron oxide. Firm ami adhering, t JmiMoiml ur«t quits 
throughout. 

4. Chattanooga iron oxide. Firm and adherent. \«. nut any¬ 
where. 


under the singlei eieuit, none under two coats. 

7. Mexican graphite. Mlu.sl.ici and easily removed. No rust. 

S. Dixon’s graphite', -(local condition. Elasticity only slightly 
impaired. Easily removed no rust. 

D. Trinidad asphalt.. Seemingly unaffected. No rust anywhere. 

10. Bessemer paint. Moderately hard, peeled off easily, no rust. 

11. (’arlionixing coating. Peeled off easily. Rust beneath both 
the one* and two coats. 

12. Li I hogen silicate 1 . 1 lard and adherent. No rust-spots. 

No report was made of the* condition of the paints exposed to 
atmospheric influences, evidently for the reason that the. exposure 
period hud not been long enough to materially affect any of the 
paints when the test closed. 

A set of the plates were* exposed to the fumes of strong sulphuric-, 
nitric-, and carbonic-acid gases for five weeks. The action of the, sul¬ 
phurous gas was elmraelt'i'ized by its bleaching power upon the paints 
and the* disintegrating effect on the' iron under the paint, also the 
formation oven* the entire area of blisters, under which was found a 
moderately hard whitish deposit. 

The order of merit for the several paints was: Trinidad usphultum, 
Cni'houi/.iug coating, Dixon’s graphite, Ked lend, I/dhogen silicate, 
Mexican graphite, Purple iron oxide, Superior graphite, Bessemer 
paint, Cliallanooga iron oxide, Williamsport iron oxide, Whitt* load. 

The effect of the* nitric-acid gas was substantially (he same as the 
sulphurous gas, except that the single 1 coatings of the paints were 
completely destroyed. The order of merit for the double coatings 
was: Trinidad asplmltum, Lithogen silicate, Ked lead, While load, 
Purple iron oxide, Superior graphite, Mexican graphite', ('hatlanooga 
iron oxide, Williamsport iron oxide', Dixon graphite, ('arl ionizing relat¬ 
ing. Bessemer paint. 

The carbonic-arid gas in large* ijiiantitie'S, supplomonU'el by nuiia- 
ture*, had only an nltpost imporee’ptihle* efloot upon any eif the paints. 

To test whether any of the paints we mid crack eluring the obliga¬ 
tion of a painted bar, strips e»f machine steel 2"X$"X IK" were painted 
two e’onts, and nfte*r drying for two months were submitteel to a strain 
of tti.tHH) pounds per sejuare inch; the paint in every case remained 

.. .. .1 .. t . . i m... i.u.ii f 1 tnti ivumnaciArl tilnU^lir 
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ll, was notitu'tl Dull after passing tlie eSa-iir list it ni tin* *.h 
tin* paints were marked by a series nt line" ut tamod m lu-mi 
bone, patterns, that were alike on both sid«- ol tbr !*ar and -d: 
situated. lCvideiitly the lines were due to a leanaieertaent «»j i 
atoms of the. steel bars while under .-.train, tin- ernttv anna . um\j 
less freely than those near the cornet-. and rdn- ot tbr baii 
paint nal.urully following the part tele-, of -trrl that tin \ ru\ rn 
Naturally the heavier coalings of the paint •• w«*tr tbr lra-t rla-u 
The order of merit in the clashed \ tr-t wa Ttmi.lad a phalfu 
Carbonizing coating, Purple iron aside. Bison naf.fntr, \|. \n 
graphite', Superior graphite, William-*port h«>n osidr. ( battunoi 
iron oxide, Bessemer paint, White lead, Bed lead, l it Imti-u ibeatr 


CHAPTER XXX. 


PAINT TESTS ON RAILWAYS. 

New York Elevated Railways. 

The physical condition and the extent of corrosion on all parts 
of these structures have been freely commented upon by the technical 
engineering journals and the daily press. When originally erected, 
no attempt was made to remove the mill-scale, and none has been 
made since, presumably because of the impossibility of its success, 
and the cost. The composition of the paint which has been repeatedly 
applied to them has been kept very uniformly good in quality, but its 
application has been solely for appearance, as no paint can now reach 
the seat of corrosion underlying all the coats of scale, dust, cinders, 
and paint. 

The renewal of the whole structure will probably be necessary in 
less than a hundred years from its erection. 

The composition of the paint used is given by the chief engineer 
as follows: 

For Fifty Gallons of Paint, Olive-drab Color. 


Summer Winter 

Formula. Formula. 

White lead, Jewett's best. 300 pounds 275 pounds 

Bridgeport zinc oxide, strictly best quality. 175 “ 150 “ 

French ochre " “ “ . 100 “ 90 

Prussian blue “ “ “ . 1 “ 1 “ 

Lampblack “ “ “ . £ “ £ “ 


576£ pounds 516£ pounds 

The above pigments are ground in Campbell & 

Thayer’s raw linseed-oil. The weights given include 
the necessary oil to grind the pigments to a paste. 


When applied, it was mixed with 

Boiled linseed-oil, Campbell & Thayer’s. 8 gall. 9 gall. 

Raw linseed-oil, “ “ “ . 15 “ 15 “ 

Spirits of turpentine, first quality. 3 “ 3 

Liauid or iapan drier, “ " 2 “ 3 “ 
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Xrti • York h'h uflrtl /oo/ino/ 1 uuUn i 

Tll(' viiltluc’t uViT the 1 hitlrJU X uintfi ! hr Nru \ c»ik Klcvatcd 
Railway at l noth Street W an Mil fitalril , and S*rrl%r«| iluli «ixi ( | ( » 
paint coalings at tin* time of ti» eteeimu, i* i si I union !nr veur« nf 
oniuplelion had developed m -m« li on r\i«ui ihu! tu I.SU7 

the santl-bliwt wiw l«t rlrun it |i!«*pjiiai«<i % i><t .’neither r fft>rt far 
ilx prtwrvitliun. This wind S$|(» IKHi, nr u\er 
fifltH ‘11 cents per mjUttre f««»l toapph . »>t jiIkhiI wuu tone** n»«r«* than a 
proptM'ly »rlcet«l method of prorrdme mid pom! «*<tdd have nwt in 
thr fiwt plans and thru oiilv 1 !**• l<*«er and 1 * 1 -*'**^ns!»!** ni»lr» or partu 
ill sight receivni treatment Al»*ut »<|mire fret »«f joirfaee wna 

rlotttu*d by the* aanddiboU, t«» thr bright it»*n mum lug i«I#»s*g| J2 tarin 
of old paint, scales of ru»t. and ciudem, fdunvmg n tmmlter »*f distinct 
layer* of highly mrn«lr«l matter 

Seventeen panel* of kill»«■*'-■ tr«. il««*r Worn and bmUrphiten, 
supporting the pawl rniriage u*a4»a\ and f««.lput Sr* ovnheiid. 
fthmit 2H25 xepllin* feet of »subiee nidi, and smfnb-rsr.il rmro-rtif ivrlv 
J to 17, Were* thru painted with tin* ^niur nuodter »«f .« ir» trd prnter 
tive eontiugs furnished In a hh« nmadwi .4 pom! litin i m o*snpe!tHnn 
with earli other, lie* ne\«o.d «•*<«!inm ».(,■ opph* d m sfurt r«.in 
fortuity to the direction** rwio-4 with r«rh hr and »4 posni, i!*«* appli* 
rath in iieiugto the bright »r<>n a,» h-fi in <h«- aitom >4 il«* -hiss 4 blast, 
ttlld within II to 'I hour* from the time thr *>»nd hhnt «ra*«d «rlion. 
Kverv possible rotidiltou tvsvi 1 *ram!«) I** or mg t«« mahe tin- tint 
our of a prartifiil wild rotoijirf nal luiiurr o.s »*-l! 5 %*; <4 m tm! the v nine, 
alisuhitelv without prejudice s.r m iu\s ira|.«i I r*»m thr 

pmniineure of thr ulrttrlurr- m mi 4 n-w ami st» mtttutiou 

rx|K>ml to »torm», m*a air, rimirm, f»t*'ato no4 ^anr-n fr*uu fsr<«rru 
of loronmtivw in ro»t«laul ^rtllrr Iwlsruth at !.<■,»}!*, all >4 tisr ISirtld 
bring within i» few feri of tl«* rii,pi» •<»* •) ais.l mg the 

prtMlnrtu of r<itiiliit»lt»iii ytidrr blanf artic-o ss»*l jo -;»o apjo<mooitrlv 
cloned snare, the future result »u« iiimmuih li«.ln-4 «"i aii uoi«ir« 


Kind or Name of Paint. 


Halo of 
Drying. 


|P IP 

£*Ph ^(3 


! I avid, graphite mid lueol-oil.Medium 

jAinnrplmWH graphite, Detroit, Co.- L.K.O. Slow 

Hod livid, ant-oxide, l 1 '. and 1).Kimt, 

druphite (kind not. Hinted).Slow 

Nnbrue (trade murk).Medium 

Curium Hluek (K. \V. Devue it Co.').Slow 

Durable Melul Coaling (K.Smith’H vandali) Slow 

Hluek Mangunoue (iron paint).Hunt 

Carbonizing Coaling (trade mark).Slow 

Mineral HuliHer (no particulars).Hanl. 

Hluek varuiali (eompoHilion not given). . . Medium 

Curiam paint urn particulars).Medium 

Craphile (Siundard Oil Co.). Kind not 

staled. . ^..'.Medium 

Dixon Co. Silica graphite, mixed paint.. . Slow 

lAaplmllum (Culifornm Co. brand).Very Slow 

JKuberiue (trade mark). Coal-tar compo- 

| aition. ..Medium 

Hluek diamond (trademark).Medium 


a. Very lit tie mm, Haim erumhlrs in places us though rotten. Easily re 
moved. 


/i. Hair roniUtion, but discolored; rust eomiug through, 
r. Very lmdly runted. 

</. Uualy, but not deep. 

r. Slight ruat on top (lunge of one girder; rent-of ginler dean. 
/. Hunt very deep; Imekle platen bad. 

//. Area of mat spot* small; rust not very deep. 
h. 11 up*t very bad and deep. 

j. 1 >eepl\ rusted; buckle plnteN still good, 

k. Uuhi very deep and angry; buekle plutiut mildewed. 

/, Small pimples oi rust, m thougli formed under tlie paint. 


Panel Xn. I wan an outside one, and tlrn find. to lie wind-blasted 
and painted, in wane parts with two and in others three coats of 
paint, in the clear hot day* of Htimmcr, a material advantage in its 
favor. The wind-blast wan then shifted to the Houthem end of the 
viaduct; and panel No. 17, also an outside one, wan the next one 
oleu w and painted in hot clear weather, and ho on consecutively in 
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the reverse order of (lie panel number-, bark to ,\n. 1; panels \m. 7 
to 2 having been done late in (hr full under unhworable r<«u«(iti<ms 
us to the spreading and drying of the paint in addition t«i (hr other 
obj('ctionul)Je eoiidilinns. About M) square (ret oj pane! Mirinco 
whs cleaned |U'i‘ hour, or (iUl) square Irri pel wot king tlay ; rack 
panel requiring from (ivr In d\ da\s in dean and pain! it. 

At 1,1 u 1 end of idioiil u year the condition oj all <*! the paints uns .so 
imsatisfnelory that (lie vinduel \m.s repainted without teino\ ing, 
only iti a perfunctory manner, fhe old ?e>t emit mg-. with (heir 
fast-forming htirdeus of ni,-t; and thia eumprtiine tr.-.j came (o an 
inglorious end. 

'Phe result could have I iron fore-eeti t mm (hr hr*-!, 1 n-lore a 'dutde 
truss or pound of material had been placed in po-.itmn, or ua . tneii 
out of the ronslrticlion shops, had mu commercial eiec«h official 
indifference or ignorance, either one or all, ruled the matter 

The destruction of (lie tubular ruilwn> budge m ei ihe >t, J,ow« 
reneo River at. Montreal, Canada, had mu become a t,u t it mu.iy 
with age as to have escaped attention cniirrriuiur the daneeiote, effect 
of hot eumbuslion gases upon any paint eon!sue in a e<lutmed >p.ue, 
Corrosion history blindly repealed it elf uben the \ iadmt material 
was first painted by the contractor*., then repeated the "(\.medv 
of Krrnrs" when it was creeled and a ram w hen it u a -ami bla ted 
for its lit ml liaseo. Tlte plain fact- of t he paint mg after the 'and 
blast, action are, that the eont tigs welt* de* t med for ,m e.n lv de true 
tiiill from the beginning, by reason that the l»r t n.at w.i applied in 
an atmosphere saturated with the !nU vapom of *',.inbu tmu ami 
steam, which were so corrosive that the fie-hU eleam-d • mfare of 
tiie metal showed a blush of rust within an hour afin e leaning. am! 
if left for three hours the rust could be wiped off bv the hau.t, din- 
paints were spread in (his atmosphere, and l«-toi r C , v could in 
any measure' dry, so as to he in any degree re.-mting, 1: , ^ uric thnr- 
< 'Uglily impregnated by the hot gases ami si cam which Irtt their eon- 
doused strength upon the surfaces of the green pain? , The -emtid 
and Huhst'ipu'iit coats wen* not only applied under the same at urns- 



A paint lest ut an extended character has boon in progress for 
the 1 past, tow yours by Mr. (ion. \\. Webster, (l.K.,* to determine 
tho best [mints tor use on tin 1 city street iron bridges, crossing the 
railroads within the city limits of Philadelphia, l’a. 

Fifty-four sample plates of iron 12"X2*I" wore coated by twenty- 
two nmiiufaeturos of paint, and exposed at a number of places on 
the street viaducts, in situations that wore us nearly uniform for the 
several competitive coalings ns possible to provide. Tho tost coat¬ 
ings wort' changed in their locution as circumstances required to 
equalize the exposures, which were very severe 1 , the clearance between 
the top of the locomotive stacks and the metal work of the bridges 
being only two to three feet. 

The samples of paint submitted included the most prominent 
proprietary paints, including the carbon and graphite classes. 

The results of only a few mouths' tost demonstrated that on the 
lower surfaces of the plates on the bridge* structure no paint was 
able to resist the mechanical injury from the sand-blast action of 
th(> locomotive exhaust. These situations are now protected from 
(his action by wooden sheeting a few feel, in width on the line of the 
exhaust. 

On the upper side of the (wt-plates, subject to moisture, com¬ 
bustion gases, and deposits of cinder, the results were more satisfac¬ 
tory, but were riot conclusive ns to the relative merits of the samples, 
due to the dillieulty in comparison nil tin* basis of truly identical 
conditions. 

The general trend of the results was, the subsequent selection of 
certain of the proprietary paints for a trial on bridges, and component 
purls of bridgex under a general formula, having red lead as the 
principal pigment, viz,: 

Ked lead, two coats over shop coat of raw linseed-oil for inclosed 
space of structure*'. 

Red lead over shop coat of raw linseed-oil mid two coats of xvhito 
lead three parts, and zinc oxide one part, for tin* field work. 

Indian red. one coat over shop coal of oil. Red haul, third coat. 


+ n,in lM<gnir« r\ Htirrmi of Survey*, Rcpartmiml of Public Work#, City of 



Indian red, one cunt over simp coat of *<i!. White lend three 
parts, zinc, oxide one pari, tor held work. 

'fho (!ray's Kerry deck bridge over the Schuxlkill Hiu-r wu% in¬ 
cluded in the lest, being painted with the following point'., nil applied 
as a first 01 shop coat: 

Nobrae, lueol-oil paint, rubber paint. Bessemer pnmi, auioxide, 
durable metal coating, red lend. Ab..\e the deek hu the M-eond full 
coat, red lead was applied, except in one ease, whole wlute lend and 
zinc oxide wet’(‘ used. Below deek, lor the tlord lull emit. the .same 
paint was used as for the shop coat, exeept in one cum* where white 
lead and zinc oxide were used for both the second and third eoat 
The above routings were applied in lHUP ifHKl, and the time 
since then has hern too short to note any material difference in their 
condition. The general practice in painting feme structure*, by 
the. Board of Public Works of the city ot Philadelphia tor n number of 
yearn lias been the use of red lend and lampblack for a hr-f or prim 
mg eoat at. the shop, followed by two coats of the * nine }>aint in dif 
forent shades of ehoeolnte color for the held e«<af >. fhough in *«ome 
east's white lend and zinc oxide have heeu the held muh ‘Pliut the 
above paints have mil jimrt ti Mutisfurtorx in the pto enee of coin 
busfioti gases and other Infineon's incident to their location v \ 1 
dent from the above experiments to correct their deficiencies in 
connection with the same matter, it may lie of intrivu to note that 
the train-shed roof of the Broad Street Station of i!»«- | Voim h auia 
Railroad at I’hilndelphia, which was painted with red had and lamp 
ldaek, is seriously affected by the corrosion of the loot trusses This 
structure has had extremely good care since it.** election, but cm in 
sion has established itself, owing to the curb d»ra\ o! the red lead 
coatings, and will soon require cleaning by the ..and l«)n«f to collect 
the mistake of using red lend for train-shed {minting tS»-r t Impter 
XXXVI, Khauges in Pigments.) 

InllmiH'vn that ,t fft rl l'atah 

Some of the influences that affect the life of a pums coating have 
1 1 a do.tern ii e 1 Iv ( * <xnerh i «ms of Prof .1 So, » on,th * fr.n » 


i m- jimwN were linen placed. in a 
dilute solution of sulphuric, ncid mul the zinc dissolved. The paint- 
skins wore then used for testing; .by immersion and exposure for 
six months in a number of liquids and gases, as follows: 


Inuncrxion TcnIx. 

In pure rain-water the skin remained cohesive, 
even elastic, was of dull color, noticeably injured, and 

lost, in weight. 10.4 percent. 

In sea water the skin remained uninjured in tex¬ 
ture and lustre, with a small loss In elasticity, and in 

weight. 4.52 “ “ 

In a 10 per cent solution * if eomtnun salt the 
skin was hut lit tie affected in lustre and elasticity, 

hut lost in weight. 2.4 “ “ 

In a 10 per cent, solution of sal-ammoniac the 

skin was unchanged. Lost in weight. 0.5 “ “ 

in a 5 per cent solution of sulphuric acid tin' skin 

remained unchanged. Lost in weight. 1.05 “ “ 

in a twenty-four-hour immersion in lmt water 
100° to 170° l'\ the skill was materially affected in 

texture and color. Lost in weight. 0.S0 “ “ 

In an aqueous solution (alkaline) of mineral-coal 
ashes the skin was materially affected. Lost in 

weight..... 14.8 “ u 

In a l per cent solution of soda the skin after 
three days was vividly affected, and after a few <lays, 
more exposure was dest roved. 

lu n 5 per cent solution of nitric ncid the skin 
was destroyed. 


In a It) per cent solution of the chloride of mag¬ 
nesium tin* skin was unchanged, hut lost in weight 1,1 u u 

KjcjHwurv TvhIx in (’tonal 1 'chhcIk. 

()ver sea’-water for six months the skin was unin¬ 
jured in color or texture, hut laid become somewhat 
viscous: no loss in weiulit. 
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()ver act'tic acid, fuming muriatic acid, nitric acid, 
nminonmrul li(|Uor. liquid sulphate of ammonium, 
a .solution of gaseous sulphurous acid and water, all 
the skins wort' dost roved in n lew da\ '•*. 

A skin made from rod tend and linseed oil. expired 
for forty-eight hours to an at monphere of hvdrie 
sul])hide, heeamt* hluek mid rough, «lull in Incite, and 
increased in weight, , . , . 1 •» per ,v ui, 

The changes here indicated relate solelv to the \elude, a-< tlit* 
graphite pigment was passive to the action of any of the dr^irue 
five agents. Wherever the skins were dost roved ever) other nil- 
paint' coating would have hren likewise ded roved, whatever pig 
meiil was in it. lu the* other eases where changes in the vehicle 
are noted, the change of tin* skin appears to la* wholly nnhke that 
which would have occurred hud it l«*en attached i«» am Mtrlaee, 
r l’he professor has evidently found this to In* tin* rn*e. judging Inna 
some of his notes preceding the record of Ins tes!Thrfe ate 
commercial paints imtuhly those made from amorphous uuuetul 
graphite, that containing less graphitic carUm, and combined with 
silica and a small amount of mineral oxides that would Inn e afforded 
a bet ter protection to (In* vehicle than the ehcimrnlh prepared 
graphite used in these experiments, the cud of which would ptol» 
ably bar it. from forming any part of a protective covering for iron. 

SfHwiruth'x Tt mprrtiture Tt da, 

A number of graphite paint -skins of the same character m tho-a- 
Used in the above immersion and exfwwnre teds; ulmt, w-me time 
coated skins made with otln*r pigments and linseed oil and mivrd 
with turpentine and olht*r driers, and mineral oil. were f-.iilitnitfs-d 
to eonslant temperatures of 122’, 2U.T\ ami 2*1 V* I, for fnr dav * 
Briefly the results wi*re: 

All the skins shortened from 1.2 to -Id j«*r cent, averaging :t ?t» 
per cent, and lost in weight from 2.11 to K ’A per cent. averaging 

O S2* ) I IMl* #«< kt 1 * i ltd 4 <tM.ll #«1 I «4 k 4 <«<k » > OKI « *»*'>> B „ a • a S ! 2 * t 2 « 1 . . 
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was changed the least in other respects. All the other skins became 
brittle and stiff, broke easily when bent sharply, and were darkened 
in color. The white-lead skin changed to a faint yellow, the sul¬ 
phide of lead and zinc oxide skin to an intense yellow. 

The addition to the linseed oil of 10 per cent of either the oil of 
turpentine or other driers, or a mineral oil, or other fatty non-drying 
oils, including some gum copal, had no effect whatever to resist xhe 
changes effected by the heat. Not more than 10 per cent of mineral 
oil could be added to the linseed oil, as it rendered the paint viscous 
after drying. The Bessemer paint-skin, the pigment being a ground 
furnace slag, and the linseed-oil vehicle having an addition of a non¬ 
drying fatty oil with some gum copal, was just as sensitive to the 
heat as any .oil paint. 

Generally the action of the heat was less marked upon the 
graphite skins, which were less brittle than those made from white 
lead or zinc-white. The red-leacl skins were especially sensitive to 
mechanical influences. 

These changes are easily accounted for. The oily, repellent 
nature of the flake graphite prevented it from bonding to the oil 
vehicle as firmly as the other natural pigments and those of higher 
specific gravity will do in both a green or a thoroughly dried paint. 
While it is generally known that heat is destructive to oil-paint 
coatings, it does not follow that the coatings are so sensitive to its 
action that it may be deemed the principal cause of their failure. 
The engine and fire-rooms of ocean steamers and war-vessels are 
exposed to temperatures of 120° to 140° F. for months at a time, 
and many times in succession in atmospheres heavily charged with 
moisture and other vapor, without any material disturbance to the 
protective character of the coatings. 

There are commercial paints in extensive use, subject to tem¬ 
peratures of 300° to 350° F. under pressures of steam, which preserve 
their integrity after years of exposure. In these instances the life 
of the coating depends quite as much upon the vehicle as upon the 
pigment. 



CHAITKIt XXXI. 


1 *untim; n\ M'im, 

Painting by ppray or the air-brush lias lately come largely into 
use; in Fact, it would have been impossible ti » have coveted, in any 
acceptable manner, (he World’* Fair building* creeled dure IMH), 
without (he use of (he paint-spray process. 

At the Columbian Imposition, the results of the spray method 
of painting, e.oni]aired with the use of the hand-brush, were: A 
corps of hand-brush painters, working in the usual manner of apply¬ 
ing kalsomine, averaged about St 10 square feet of surface daily, while 
1(1,000 to 20,000 square feet were covered by a spray-machine in 
eight hours, 30,000 square feet having been reached under favorable 
conditions. In the Manufacturers' building, with a daily average 
of thirty men using spray-machines, at the end of eighteen working 
days, 1,332,700 square feel of surface had been m\ eied ; equal to 
an average of 230X square feet per day per man. This was during 
the* coldest days of winter, when the water paint, in attempting to 
spread it by hand, froze solid. The spray required about twenty one 
gallons of kulsomine against twenty gallons by the btudt, but the 
saving in labor was nearly twenty to mu- in favor of the quay process. 

(Ins-holders in duty are exceptionally hard to paint, < it,e paim.nl 
by spray, using iron-oxide paint, averaged from 27*Hi to 2‘MHI square 
fuel, of surface per hour for three men using two sprnw.. The amount 
of paint used was not notably more (lmn with the brush. The cost 
of the labor was less than \ cent per square yard. 

In the ,1 /ichujan Kta/iurm' Manual for 1X07, Mr. J. J, Huber 
describes an extemporized spray-machine, and tin* r^ulfs in paint¬ 
ing 100,000 square feet of rough hemlock Hiding with iron-oxide and 
raw-oil paint. 

The contractor's bid for labor, ladders, and brush™, 
the company to famish the rmiat . was. a a ««* i ......... . 


Cost oi the pumt, labor, and apparatus, hfloon cents per 100 square 
foot, or loss than otic-half that of painting by hand. The paint could 



Fio. Field spray apparatus at work. 

he applied from eight to ten feet above the spray metis’ heads, and 
ordinary laborers could do the work. 

In Home experiments made by the P. <Sr L. R R. R., using a spray 
apparatus for painting box freight-cars, the time mpiired was thirty 
minutes per ear; one man with an eight-in eh brush following the 
spray thirty minutes more, or total of one hour per car for each coat. 
To paint a (10.fKKhptmud-capacity coal-car required two men twenty 
minutes each, spraying the lettering not included. 

At the Master Pur and locomotive Painters’ Association, in 1897, 




timeaiul casts m detail ol painting lm\ Ircight-rnrs I»y 1 »ru-It and spray. 


Willi (lie Itruxlt. W ith (ltn Hju»v. 

Work Coaled. Tilin'. Coil. Time. 

Hills, one coat. 20 tain. $0.05 t:i min. $n,o:i} 

JOtlgo board, one coat. 40 " 0.10 17 11 0 ill J 

Body, three roatH. 7 hrs. 1,0.1 S t “ o 21 

Puttying up.. I “ 0.11 1 hr. o t; t 

Roof, two routs. SO min, 0.07$ 12 min, 0 tia 

Trucks, omi coat. I hr. 0,11 20 " uni 

Blacking ironwork. 2.1 min. O.U<;| 2.1 " o uti} 

Totals...10 hr*. .1.1 min. $i ,o;i| 0 lux, .It min. 


Result 1.98 to one* in lime, and 2.H2 in cost, in favor of the ajirny. 
r riut danger (o the health of the paint eta in the liee of the spray 
i.s very marked over that in the use oi the brush, whether knbotuine, 
iron oxides, or mixed paints tire used, in the spraying of lead paints 
or those containing any metallie oxides the daurejou*. eller ts are 
greatly increased, even when the greatest possible rate h used to 
guanl against, them. The tine mist-like spray i< readily taken 
into tlu‘ lungs at. every ri'spiralion, and is more thoroughly intro- 
du<*ed into th<‘system than is possible by absorption from rnutart in 
painting hy hand, 



Fin. 42.—Mathowaon’* patent helmet for painting hy «pr»y or denning l,v 
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Ilu'sc' wore it] >j)]i(*,ati(ms from compressed-air installations used 
for other purposes than paintin^. 

Tll ° merit, of oil-paint, spray coaling 1ms not been fully estab¬ 
lished. The spray necessarily carries a part of the air with the con¬ 
densed moisture in it into the paint, and its subsequent escape by 
expansion and evaporation must result, in a more porous coating 
than with paint applied by a hand-brush, hollowing the spray 
immediately with a brush will remove the porosity to some extent. 
The brushing out, of any paint is a great factor in its durability, and 
as the use of the spray renders the employment of a cheaper grade 
of labor more feasible than with the use of the brush, the effects 
of an indillerent. use of painter's “(dhow-grease” will soon reveal itself 
in the decay of the coating. 





the jminli is most nece’ssnry. Feeling of (hr jwiint and corrosion 
promptly follow any extended application of an oil pain! spray 
coaling on a ferric body in siht. 

The', methods of painting won* recently discttsse*el by (hr Western 
Association of Railway Superintendents of Bridges and Buildings, 
in answer to a circular asking f"r information upon the subject. 
High team answe*rs were received. All were in favor of the sand• 
blast for chanting either new or old metallic surfaces preparatory 
to painting. 

Six were in favor of the air-spray for ntmir class, s of work, three' 
wen*, opposed to if, and nines wen' uon-e’ouuuittai. Two who hail 
trieel it wetret e>ppose'd to it. One' superintendent said: "tin iron 
bridge's oflu'r than on plate girders 1 Found that then* was more 
paint wasft'.d than applied to the structure', The' vumle in attempt¬ 
ing to paint lattice*-! russ wetrk was very marked, ami the coating 
was not. <'t|ually or well spreael." He favored the use of a -UilT hard 
brush to insum a close contact of the paint, which he could not 
get with the spray. Too much air was incorporated with the' 
paint by thee spray, and would not reh'itse tsedf in the* drying of the 
paint. It k'ft thee coating more* porous than with the tc-e* of hand ■ 
brushe's. Following the* spray with a hand denude did not mnte*rinlh 
luelp thee coaling in durability, when e*oiupared with Mirfaet** spread 
on t.lue samee structuree at the same time, by the* same* painters trdng 
lianel-brnshces, and the' same* paint, 

“ The usee etf Lite* spray, following it wit It a Imuvv hnttd tiru-.lt, 
was admissible upon some of the* large* wuoeh'ti lull lelings. as the* 
failure* of the* paint in the**!* cage's was not 
attended by eorntdott. IdiMering ieeing the* 
principal caust* e»f failure* st» tin* spray e*d coat 
ing on wooden and masonry surface-*." 

(Icttcmlly, hetivy or very thick oil paints 
cannot be Hum**«fuHv spread By spruv. 
unless under air pressures of sixty or more* 
pounds pe*r septan* inch. 'This renders the* 
usee of the spray for nil paint useless, unless power other than hand- 



Pro. 44.—Hanei Rpmy 

apparatus. 
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fluidity. If the paint is thinned with benzine or turpentine to the 
point where a moderate pressure of air will enable the spray to 
work without choking in the nozzle, all of the objections to this class 
of paints are increased, as the extra amount of volatiles in them to 
be evaporated leaves the coating more porous and hastens its decay. 
Two coats of such air-sprayed paints are required to equal in pro¬ 
tecting power one coat of heavy hand-brush work. 

With kalsomining or water paints the spray apparatus finds an 
almost uncontested field, and from the great saving in labor is recom¬ 
mended. 



CtlAlTKK WXll. 


MI\I li !'U\!X 

IIwhitaulk manufacturers of standard pigments are greatly 
at the mercy of many of the }>ni}iriei*»r\ nr patent pnmf« ready 
for uho that arc a feature of the jaunt market. 

Standard jhgmenis substHpientlv appear in the*e runi|H«und j mints 
mixed with a variety of well known iufeiioi -tit manner* that hy 
Bourn alleged sjiceiul murltnuienl manipulation *’»l«*\eloped m our fac¬ 
tory " male oh of them a jireemtnetitly superior produet, “ vv holly 
unlike that produced hy the uutiquutml prone** eiupto\?*«l brtoir the 
advc'iit of our now idea." 

Mixed painiH for the great hulk of the paint trade are a eon- 
vonience that eamiol he ignored, and are in ronfomut v with the 
general advaneement of the thin*?*. Renpoiedl»!»■ nmnufueturers 
an<l dealers in paints furnish them; and they are mote uniform in 
(jiialify and color, of better eouijKwttioH,im well m eh«<api*r. limit uhon 
mixed hy the individual jiainter. 

ReHj'ionHihle |mint manufacturer* in* j met and tr*i the quality 
of all their materials, and are certain that liter are Ntnndnrd in nil 
respects, more than it in jicmMlile for the iudi\ idunl pninter to do, 
* however much he may desire to produce n good pnint. 

Railway companies and hrhigtMimuufinMm in** time*, from the 
magnitudo of their jaunted work, are able to empio\ the ureevutry 
staff to secure good materials, a tan the tcchniciil kmm ledge to mix 
and apply them. The application of the paint in u great measure is 
under their control, and tlie eomjKwition of it ran la* varied to meet 
all the conditions as they arise, run! a direct ref»|«*t»il4lify refill 4 i»ht*d 
for any failure in the coating. 

Failures are jiossible and occur with the lieal of paint* The 



upon, finding that the paint duos not work or spread well, doses it 
with benzine, turps, or some other volatile or vehicle. lie does not 
always know or care what the composition of cither the paint or the 
adtlc'd (dement is, so that it enables him to get through with his work 
without an immediate' appearance of distress in the coating. 

Special mixed commercial paints generally require a special 
order of procedure in their application, and when these are faithfully 
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ldro and add-proof. Composed of coal-tar, pitch, common 
mineral paint, hydraulic cement, gray ochre, asbestos. slaked Htiu% 
liquid drier, and litharge. 

In most of (he above and in other similar patent compounds 
the (plan(ides of eaeii stibslunee are not delated, hut left to the dis¬ 
cretion of fht' user. 

Other eonipouuds of a kindred nature routain saltpeter, sulphur, 
caustic, potash, mica, tale, zinc slap, salts of tartar, o\»de of copper, 
ahollae, sulphate of mercury and sulphate of zinc, \ eidtgi t ,, copperas, 
india-rubber, hydraulic-cement slap, soapstone. solution-, M ( guil- 
nuts, tannin, act'lone, yellow soup, lignum vii;e, pmlie, n-.alVtida, 
and out' or more of the list of inert pigments gn* n m ("hapter 

XV11I. 

Tlu'se compounds are recommended as special paints f«.r fet tie 
structures. In most cases the merits tire so hlindh et fotth that 
one is in dotihf whether it is the preservation oj destined,m of the 
paint or the covered surface the proprietor wishes to secure, 

As niontioned before, all mixed paints ate not neer > atil\ uhjce’ 
tionahle compounds, and to he avoided, A ntiubmatimi «,| pigment* 
to secure a desired result is often neee*'*nn when- the use of one 
pigment. would he inefTeetive, 

In the* cases of red lead and lampblack the lampblack <|ela\ s the 
sotting, adds body, prevents the crawl or curdling ««f t might ted- 
lead coalings, and is in every way lwueficial to tlie pli% -seal eltarae- 
tor of tlie paint. 

There is enough oxidizing element in the red lead to came the 
lainjihlnek (which is a slow drier) to dry without using u large 
amount of japan or other drier. 

A small amount of French ochre is sometimes added to red- 
load anil lampblack mixtures to gi\r a brighter tone n. the ehuc»o 
late color of the mixture, making what is culled the " Futhnun eolnt," 
This mixture has proved to la* very reliable- under some • everc 
exposures on cars. 

The siieciflcationH for the l minting of one of the huee«t biidgm 


ill linseed-oil containing a small amount til Japan drier, will outwear 
red lead. IC tin; waling is applied to a rusty surface, the scales of 
rust will break through red lead sooner than through the above 
mixture. 

Mixtures of zinc-white and white lead, both true pigments, are 
thought by some engineers to bo a more durable coating than either 
alone, and for some external exposures are said to be improved by 
the addition of 10 to 1H per cent of silica or barytes. 

The barytes and silica in these eases, also when added to flake 
graphite, Have oil and give weight and bulk, as well as a frictional 
element to hold the graphite in place during the setting of the 
paint. 

In all these instances the paint appears to be better for the pres¬ 
ence of the various subs Unices; hut could the, same group of mate¬ 
rials he combined into a single pigment, it would prove superior to 
any mechanically arranged article. 

'Hh' few eases wliyre the mixture of true, pigments with each other 
or wilh an inert substance has proved to be beneficial are not 
numerous enough to afford any foundation for a mass of incongru¬ 
ous substances called “ mixed paints ” that flood the market, and 
which 1 he reputable pninHimmifacturer is almost powerless to stem. 
(Set' Chapters V XXX.) 

No reliable paint can be made without skilled labor at almost 
every stage of its manufacture, even with the aid of the best me¬ 
chanical devices to reduce the labor account. Generally the labor 
and power account is two and a half to three cents per pound of 
paint, or twenty-five to thirty cents per gallon. Any paint worth 
applying to a ferric or any other structure of importance cannot 
hi' bought for forty or fifty cents a gallon. Such paint will not pro¬ 
tect a ferric body, and if applied will prove (because of frequent 
renewals) more expensive than one costing three times as much. 

Iron oxide is the cheapest straight pigment in use. But this 
cannot be prnprrly ground in a reliable oil, barreled, and delivered 
for less than seventy cents per gallon, unless the manufacturer is 
losing money, or using an adulterated oil or a very unreliable iron- 
oxide pigment. 








by using- Ibis firm’s product, though it is but a corrosive (me. 

“Armour-Scull* Paint” (Punzerschuppcn). A Swiss ferric paint 
made from a number of formula*, also one or more Gorman paints 
bearing the same trade-mark, are simply iron-oxide paints made 
from SO to 00 per cent iron ores that- the manufacturers call “granular 
micaceous.” A greasy, crystalline, scaly iron ore with gangue, etc. 
Graphite in some (unclassified) form is added and the vehicle is some¬ 
times a linseed-oil varnish. 

“ Lender's Anti-Corrosive Paint,” especially recommended as 
impervious to heat, cold, warm water, steam, volatile, acids, alkalies, 
gaseous ammonia, hydrochloric acid gas, and sulphuretted hydrogen 
gas. The base of the pigment is culled “a silicate of iron.” It is 
simply an ordinary iron ore containing iron-oxide, <S<X,5(i per cent; 
tulien, 5.-10 per cent; lime and magnesia, li.10 per cent; alum and 
phosphoric acid, tl.fid per cent.; undetermined substances and loss, 
4..’It) per cent. It is sold in the form of a paste, being finely ground 
in a boiled oil or varnish, and when used is reduced with raw linseed- 
oil, and litharge added for a drier. A special point claimed for this 
wonderful oxide-of-iron paint is that “any mineral paint of the 
right color can be added to produce the desired tone.” Won¬ 
derful product! The special advantages for this special paint are 
accompanied by a specially high price for it. 

Ollier examples of tin* foreign mixed paints and the art, of adver¬ 
tising them eonlil be cited. A mixed paint is not necessarily a good 
one because of its trade-mark and high price, nor is it a notoriously 
l m d one because of its being mi American firm’s product. 

Some instances of the unreliable character of compound paintH 
have been given in Chapters V (White lead) and XXX (Paint 
tests'). The following instance, from (he cost and magnitude of the 
structure' to which the paint was applied, the public ini-crests at 
stake, and the result of the application, is of interest. It illustrates 
the unreliable character of compounded pigments applied over 
other basic pigment paints for the protection of feme struc¬ 
tures. 

Tlie new suspension bridge over the Kast Ttivor has in Brooklyn 
« vboh ct t bout 0000 feet long. This viaduct is of lattice trusses 


of boiled oil belore machining, Alter ri\ i t mg up m - < t t inn;, pre¬ 
paratory to shipment it rcoeised a eon ting ot r»*d hud paint, and 
after erection unullicr coating of rod lend and lasnphl.irk paint was 
npplitu l. 

After a number nf month.*-' drying tin* tit * t inn- lour . nat .leurt t's 
whita 1 lentl, 7(1 to 7«"i part.*-*, and tin* New J*-i »-% -sur ,,\u i,- ,’n f,, of, 
purt-H, ground in raw limeod ,-d, wa < applied I hr »uriiun nap-,, 
from HO I lie previous experience With I he- o .1 \ t til r w tit pntiti ular 
to sen that, tho iplality of ail tin* mnh-iu! u;»*> t.4ii.t,u<i so al! n- pi-rt'*., 
Tho spreading of ibb ami tin* h-llon mr m s- u* t h r.-.u u,i. m *tlu 
and under thoir eyes; honor thm .d.-u-- an* t*. hS,o.,«* |.<i am mum 
in this. After a numl»er of mouth - . ihr huh *<r inn I.mo nai, ruin- 
poH(*iI of tho above white load and ,-sur imUnir, nl u a small 

quantity of Krone It Ol’hro to make tin* n ut eir.im r. ({uir*l, wnst up* 
plied. 

In a not particularly seven* expo tin* ami in two \,\»r . tho lad 
three l<*ad and */.ino rontiug*, urn- di snn m m,«{ -m.i wa-hol away 
in large areas over the entile ■ u uetun\ how me t L«- foundation 
eoats of red lead. A cloth wrth-d m want and w ip» d » - % «- s t hr rout¬ 
ings washed them olT a* frorH a-- l houeh tin i w r i« *«i wlot« wa*-h. 
Wringing the cloth left tin* thin* n»ut ■* »<t !*a.i and :tm- pnonrnt.i in 
the water like so much chalk If tin- «isi:i**r »*t ,-m«- «<\idr in 
tiie. coaling had been fom, tho paint u.«uld Imo- f.ohd In perlsfig 
in strips instead of chalking. Tin* paint, in it-- lotinuK, piopur- 
tions, application, location, and rxpo-uir, i--» m<t far difirtrnf from 
that of the New York Citv eh\ uh*d rail wav*. who h thu>, fur ha* 
kept its place free from chalking, hut has i*..f pi, «,«id. d n.tto-iou 
from attacking every foot of tin* -tnn-nm* 1« ^..nd fhr p>. ,hditv of 
correct inn. 

Had the same amount ami qinditv of tl.r paint Utii spread on 
a thousand inland structures, fho fadmro «-f r< «atmg* would not 
have been so marked ns in t|„- nln.vr nw, when* thr »rro**v of m*r**« 
of decayed paint tells the tale; hut it u<>*dd h-,%,* i-min »•-1 j*g •-1 jho 
same, though the hew would have l«*on >«i widely do-ttdmtrii »,h to 
call no special attention to it 

The reliable qualities of a oaiut I'fUlStM *••»*<! > if SI It llldw-r I f 


merits. 

It is the photograph of a 
four-inch-diamoter wroughl-inm 
pipe. The upper end, A, was on- 
closed unpainled in a cast-iron 
ring. The lower end, li, is the, 
adjoining part, of the pipe that 
had boon painted with two coats 
of sublimed haul and //me. The. 
pipe and its connections were 
buried in the earth for nine yours. 

When taken up the end A hud 
corroded and lost over ^ inch 
in diameter. The part H was 
uuoorrodod and nearly all of 
the paint on the whole length 
of pipe was unchanged and in 
place, Where the coating was 

scaled off in the ptoeess of re- p,,,. .kj. Pour-inch wrought-iron pipe, 
moving the pipe from the trench, 

( ho iron was as clean and imcnmuled as when laid. (Sec Chapter 
V, Sublimed bead,) 

Sir Benjamin Baker has concisely remarked that “it is the 
deviation from the average which really is so important in the design 
of engineering works.” 

This is (Kpuilly applicable to the design of a paint. The majority 
of paint-manufacturers appear to harbor the idea of the universal¬ 
ity of their product. They give little or no attention to location, 
exposure, or the* many influences to which it may be subjected during 
its life* on a ferric structure. 


A paint that is reliable* in open inland locations often fails on 
the* Hoacoasl, or in manufacturing towns, or on industrial establish¬ 
ments. The paint that is reliable in the latter place may fail quickly 
on another not far distant location because of disregarding one or 
more of the above factors. 




one of the group; for instance, where red lead or red load and 
lampblack are added to in Humor the drying of tin* paint. Another 
instance in where a substance combine.-* in definite proportions. >urh 
an the carbonate of lime added (o an iron o\ide to neutralize the 
sulphur in tin* pigment, or the arid in the vehicle. 

It is also to be kept in mind that every nietul is electropoMtive 
to its own oxide; the latter induces corrosion in the former when¬ 
ever the two are brought into contact, a* in a paint muting. The 
vehicle only insulates or protects either sub-tuner but indifferently, 
particularly where (he covered metal i- the !m-r of the o\idr in the 
paint. The water and neiils in the* oil (the latter not intirqtirutlv 
rancid) have great itifluettee in the decay of the coating ami corrosion 
of the covered metal. 

The production of enamel paints has become a trade of great 
importance. They differ front ordinary oil vehicle paintinasmuch 
us they dry with a high lustre nr gloss. They wore fis-4 culled '* var¬ 
nish paints, M for the reason that the vehicle wu* a \urni-h, instead 
of linseed-oil. They are used principally for coating wall- on the 
inside of buildings that r<Hjnire to be washed with water, as in hos¬ 
pitals, courtyards, etc., the varnish vehicle being less easily injured 
by tin 1 water than an oil vehicle. 

The use of a varnish vehicle for ferric paints lms been {tint in a 
number of insl/mees in lull* years w it it van log degrees of success. 
Tht* principal dillieulty in their use is the uncertain character of the 
varnish vehicle, which requires a greater knowledge of tin* nature 
of Hit' fossil resins and how to compound them than tin* average 
puiiit-iiuiimfue.turer has at his command, 

There art' three classes of enamels * 

First. The slow-drying enamels, that require from twelve to 
fifteen hours to dry under normal conditions. They give n line, 
lustrous, level coaling, ami if carefully applied should show no brush- 
marks. They are essentially an oil and fossil-resiu varnish, with 
which the necessary color pigments are ground. 

Second. Quick-drying enamels, that dry in from twenty to forty 
minutes according to their composition. They are essentially spirit 
varnishes, colored with pigments. They leave » hisltvlt** or Hat 


siow-urymg enameis. 

lliinl. baking enamels. I hoy are varnish compounds that when 
heated flow info a uniform ami lustrous coating. The pigments 
added to them give them body and color. Sowing-machine and 
bicycle frames, hard wart*, elm, are examples of those coatings. In 
larger ferric bodies they urn represented by the baked japans ap¬ 
plied to wuler-pipes. (See. (Ampler XI.) 

1 be composition of (lie varnish bast* of all of these enamels is 
the essential part., and in most eases better results can be attained 
if tlie varnish is obtained from a reliable varnish-manufacturer than 
where the painter makes it himself. Kven the best of varnish- 
makers fail Homelinu'S to produce a reliable, varnish owing to many 
causes, principally from (lit* ust* of common resin and other poor- 
quality gums, thi' effect, of which is the “ crusting ” of the coating. 

The general nature of the varnish bast* is indicated in the follow¬ 
ing recipes that have given good results; 

Sixty pounds of good, white* Sierra Leone copal, mixed with 10 
gallons of (lie best quality of hot boiled linseed-oil. When well 
cotiked add Hi gallons of turpentine and ^ pound of linoleale of 
manganese for a drier. This varnish, suitable for all colors from 
black to white, should Ik* ground in as for oil paints, 

A cheaper grade of varnish can be made from !lf> pounds of Kauri 
gum ami b r i pounds of Sierra Leone copal, mixed with 7 gallons of 
hot boiled linseed oil and 1J gallons of turpentine. When nearly 
cold, (hiu down by adding 10 gallons of turpentine. This will be 
too dark for while enamels, but answers for all other colors. 

The white enamels are usually made by adding zinc-white or 
lithopune to the varnish. They work well. About 0 pounds of the 
whip* is required to a gallon of the varnish. Whiting and pipe-day 
are detrimental; they make (lit* coaling gray, are deficient in body, 
and an* liable to cause "peeling." 

Hlack enamels require -I pounds of lampblack to about 6 gal¬ 
lons of either grade of the above varnishes. 

A quick-drying varnish base is made from Rnndarae glim, 30 
pounds; soft Manila copal, 5 pounds; gum benzoin, 1 pound; 
methylated spirit, X gallons; or 4 gallons each of methylated spirit 

< « * . * m%* • • i « * j ii i* _ .. i . . i. _ . /* _*_l _ 


drying varnish is made from gum thumunr, 1 I j»*»m»»!-■, ;tmi li gallons 
of turpentine. 

I'or a, white enamel from oifhor <if i!u-e \ami he. grind in l() 
pounds of zinc-while or lit liopoue to t gallon of \arm: h. 

Kor a black onamol grind in .*> pound* of /iur win to, 2 pound* it f 
carbon black, and d ounces of brilliant cl tom *| mil black to I gallon 
of varnish. 

The baking enamels are not essentially different from the find 
class of varnishes herein men! ioned, oilier than that t lte\ contain 
more gum or resin of some quality. 

A few special recipes are the following: i Wt grade of rHined 
asphalUun, 70 pmmds, mixed with U gallons of hot linseed oil and ,*> 
gallons of gold size. Boil until ropy, then add U gallons of turpeti' 
tine. This is for a black coating. 

The colored enamels require a better grade of \arni-di base, which 
is made llms: A gooil tpinlily of Kauri and copal pine, curb 20 
pounds; nniuii, .5 pounds; melt together and mix with I S gallon* of 
hot linseed-oil; boil until stringy, thin with is eallou- of turpentine, 
and use with any pigments to get the desired color. 

A quick-drying black enamel is composed of: 

T>. C. sbellm* .. .. tvu jtmiitiK 

(Uun HHiulitmc. .gu 

(iUU) licnztiin.. . 2 " 

Lampblack. , " 

CuHtor-oil... ,, . II 7'« " 

Spirit. aniline black.. t .Mi " 

Methylated spirit. , , . , 2f, Winns 

Wood-Hpirit.... , .... y 

Total. Ktt 2f» |H>umU 27 g»Uou« 

The pigments assembled with nil of the above* varnishes should 
be of the best quality, particularly the lampblack. Pulverized 
bituminous coal and nearly all of the so-cnllM '’carbon blacks” 
prove detrimental to the quality and color of the etmtnel. Xo lam- 
ftine or turpentine can be added to any of the idw.ve varnishes after 
they have left the cooking-kettle without affecting the kWh of the 
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tective value of all enamel paints is quite as variable as the ordinary 
oil-vehicle paints. A varnish vehicle does not always secure a reliable 
ferric coating, unless more care is exercised in preparing the surface 
to receive it, or in its application, than the average painter generally 
gives to these matters. The use of resin or resin-oils in enamel paints 
is as disastrous as when used in an oil paint. 



CIIAITKU xwtn. 


COHUt isji IN til'' I Hi i\ \NO ''Hit,. 

Tttm difference in tin 1 rule uf corrosion betw i'i-ii iron notl steel 
aw given by different authorities varies greath. The reason lor 
this is plain: the conditions of each reported ruien! corne«ion. wbet her 
tilt" result of laboratory or other tests, such ns exposure I• * weather 
or other corroding iulhienees, tint being .similar in nil re^{H*e|.-, are 
therefore e.omparable only itt a general way. 

Pieces of iron and steel, both suitable for boiler-1 ulms. were made 
dean and bright, then placed in .study loam with which had been 
thoroughly mixed some sodium carbonate, sodium nit rate, ammo 
ilium and magnesium chlorides The earth mi prepared wm> Kept 
moist. At the end of twenty three day* the plate * were taken out. 
denned and weighed. The following was the result: 

Iron had ost by eorrosiou. .... O.s| per rent. 

Sl-tvl “ “ *• .. u.7:f ’• •• 

The pieces were replaced in the earth and left for twenty eight 
days longer, or sixty-one days in all. 'Hie result was: 

Iron total loss by corrosion.... 2.1 H> per rent. 

Steel “ u 11 11 .. \ 7 P *• *• 

This is a rale of corrosion that would probably have mused the 
disappearance' of the plates inside of eight years 

Uxporimonls eondueted hv the Admiralt). Hoard of Tuule. and 
Lloyds prove that steel corrode* much more rapidly than iron 
when exposed to the action of salt water; also that the commoner 
brands of iron corrode less rapidly than the better brands when 
exposed to Hie same inlluences. With steel and iron l«uh unpin* 
loeted and exposed to llu* same action ot the weather and ?*eu water 
corrosion advanced at the rale of one inch in depth in H2 * ram 
for the steel and 100 years for the iron. When always immersed in 
sea-water the periods are one inch in Hit) years for the steel an I :t n 






by four inches would be entirely corroded away in a little over 100 
years. 

Mr. (}. Rennie's experiments in .1 S3(> wore with cubes of wrought 
iron, o.ast iron, and bronze for lighthouse purposes. The cubes in 
separate vessels were immersed for seventy hours in saline solutions 
considerably stronger than sen-water. The east iron lost ¥S Vt of its 
weight; the wrought iron n ^, being in the proportions of two to 
one in favor of cast. iron. The bronze lost. to ,^ 00 - of its weight, a result 
in favor of bronze over cast iron of three to one. The cast- and 
wrought-iron cubes wore then placed in a strong solution of one part 
of muriatic acid in twenty-five parts of Thames water, and exposed 
for twenty-one hours. The east-iron cube lost ^ of its weight, the 
wrought-iron only a | fl , being eight to one in favor of the wrought 
iron. 

In these experiments with the same samples of eaeb metal the 
results were directly contrary. The crystalline nature of the east 
iron evidently favored the disruption of the crystals from their bond 
or loose association together; (hey were east olT when partially cor¬ 
roded, and corroded by themselves while the acid had fresh sur¬ 
faces to act upon in all directions. 

The experiments of Mr. Robert Mallett, M.I.C.K., on wrought 
iron and east iron sunk in the sea, showed that from to inch 
in eastings one inch thick, and about inch of wrought iron, will 
be destroyed in a century in chair sea-water. This is equal to fifteen 
to one in favor of east-iron. Other experiments by Mr. Mallett 
showed that east iron unprotected and exposed freely to atmospheric 
action was corroded nearly as rapidly us by the action of clear sea¬ 
water. 

Mr. Kennipie, Central India Railway Company, reports that 
"the greatest corrosion of easi-iron piles existed close to the low- 
water murk, and did not extend to any considerable distance from 
that point." This condition he also found to exist in the wrought- 
irou bolts and braces. After an exposure of twenty-five years the 
piles wore found to bo in very good condition, and corrosion had only 
occurred in places accessible for renewals. A thin coating of mud, 
murine growth, and barnaeles upon the immersed surfaces of the 








of Uu* atmosphere, und ruling ilium ns 0, in (Slasgow they wore 83,’ 
un<l in London 28. 

1 1m comparative ninounls of ammonia and oilier impurities in 
l.lie air find in rain-water were: Valentin 1, (linage w 50, Liverpool 
81), Muue.hi'ster 30. For Hit' amount of hydrochloric, arid present in 
the same elements Blackpool was 100, London 320, the Under¬ 
ground Railway in London 1)7-1. Anhydrous sulphuric acid at, 
Blackpool 100, London 302, Underground Railway 1554. Ammo¬ 
nia and allmminoid ammonia at Innellnn, on Firth of Clyde, 100, 
London 108 and 117, < ilnsgow 150 and 221, the Underground Rail¬ 
way 138 and 271. 

1 )rs. Clowes and Andrews’ examination of the air in the cars of the 
Central London Railway showed a maximum amount of carbon dioxide 
of 14.7 volumes and a minimum amount of {).(> volumes in 10,000 vol¬ 
umes of air. In a railway-station ('levator 15.2 volumes was found. 

Many points in the Baris underground railway system have 33 
volumes of carbon dioxide in addition to other deleterious gases and 
2 per cent of aipieotis vapor. l)r. Clowes states that not more 
than 8 volumes of ear!»on dioxide in 10,000 volumes of air should ever 
be present at any point in a railway building. 

Dr. Smith also found a variety of solid substances in the air, such 
as common salt, sulphur, nitrate of ammonia, lime sails, iron; also 
the phosphates, iodides, and other organic mailers given off by ani¬ 
mals, vegetables, elc. The percentage of oxygen in the open air 
varied from 21.0 to 20.40, while Ihc carbonic gas varied from its 
normal amount of three parts in leu thousand to over thirteen parts 
in the Loudon I'ndergruund Railway, and some parts of the Swiss 
tunnel contained over 17 per cent. 

Dr. Huxley's Physiography gives his examination of the amount 
of carbonic acid gas in 10,000 parts of the atmosphere at a number 
of points as examined by him, viz.: 

On (hr River Thames nl London, mean... 3.43 

In the streets til I.uiulnti " .. 3.K0 

Top nf Ben Wvi*, Scotland, *1*13(5 feet high, mean. 3.27 

A ward in St. Thomas' Hospital, London.. .. 4.00 

llaymwrkei Theatre, London, Brew t’irele at 11.30 i\M. when 

lighted by gas. .... U/57 

Underground Rail wav, London... 14 







and Hoot in the air, m uu* eemrni <u-uuu i.umi'ojge um u:>' use 
year 1 U 02 . The full of dust and -unt in an ten di h o! quale 
inches aiva aimmuleil in 2 mince-., njtud m ds iminr pel • jiian* 
fool, or 2 d.o pounds for even UK) s<puue fed 

Tlu' above amounts of I’t>l*ri(‘’i\'»* eio'uenl are lu>t alhiftaltb eoii- 
staid, Iml they indicate the rurm-dvr intlueurr il«ai ma\ be en> ouu- 
tered in almost every situation of enginedmy woih 

Mr. Henrdinore, C.K., uedumv- a cum* of a ■«a lot h. in ulurli 
soft, water was “locked 11 down into the ea wafri h \»1 \i tin- end 
of thirty-live years 1 service ail of tlie ea-1 and wiouelit non aifacie 
Uienls to (he Wooden lock-gates, a Do the -pdo- in fin- pbittoi to and 
gale-sills, laid completely corroded aw a v. I h> «t i * ■ V 4 tin- l iud 00 j <,u is 
of (lit 1 structure were perfect h >mind 

Ferric metal exposed to the act ion >4 -alt >>1 11«- h wain u Inch 

is not. changed corrodes far le->s rupidlv than win s«■ the watm is 

changed more or less frequently. 

Dr. byon of India, a high chemical juitlmi if \, tvpoi t t hat 
point' cast-iron piles, after four and a half \rai i\p«» hi > t.« the 

tietion of pure sea-water haling a specific rutuii «»| 1 ujs and that 

contained dOUO grains of solitl matter per gallon, >>1 uhu h Ititid coii 

sislt'd of tht' chlorides of sodium, mugur* mm, etc . had umld g>«tie 
a change to a depth of j l 0 inch from the > m fare «»i thr nut ;d 

'Phe MiHuti-un-Timme* pier win erected in Is It on . a f iion 
columns d feet in diameter mid l \ inches tluek In tie t ha\c end 
town pier and the Maplin Sands lightlum.i- tie- r:» t umii < oleums 
and Olht'r east-iron members exposed to the -rn wail 1 «* * »■ ot igm.dlv 
If ami 11 inches thick. In all of these -.lruelnie-i. at tie end ot no t v • 
five years, only if inch of (lit' metal iem. sued nmdfert■ d, tie- ir-t 
luul ehanged (o the semblance of plumbago None *-5 tb« no ud h-i . 
of these structures indicated any change m lie ne t.il 

Mr. Thomas Rhodes, (\K, n •port '1 that ” Mi tie- 1* «r 3 . • ■! i he 

Caledonian Canal the cast-iron sluice-gate' wet*- expo , s 5., t ,>. 
water. All of (he parts were mated with n h«-ai% .*Mvrdi h far. 
except, on the working faces of the gates, Tlie;«. f.u-» - m*j« s.u-rd 
and ground together. Four yearn after the humor urn ih. mi, ••• 
upon uu inspection of their condition, on all of the put m out.-.i «ith 


of :j nf an inch, and lmd to be renewed.” 

Tho experience of American engineers appears to be equally 
conclusive of the treacherous character of east iron exposed to sea- 
air or sea-water. 

Mr. John 1). Van Huron, in a paper road before the American 
Society of Civil Fngineers, staled that “holts and other wrouglit-iron 
parts an* badly corroded in less than twenty-live years when submerged 
in sea-water. Certain kinds of east iron could perhaps be made, to last 
fifty years, which would bo a generous allowance, and probably 
greatly exceeds the average life of cast iron exposed to sea-water.” 

Sir Benjamin Baker, in his paper “The Metropolitan and Metro¬ 
politan District Railways,” * says: “In tunnel constructions when the 
roof members and bottom (lunge of the girders, tie-rods, anchors, etc., 
are much exposed to corrosive inlluenecs, wroughl-iron members 
wort' used and thought to be more trustworthy than cast iron, but 
were found to bo exposed to a greater risk from hidden oxidation. 
ICxporieueo has shown tho trouble and cost of maintaining ironwork 
('Xposed to atmospheric corrosion in an underground railway. It is so 
groat (hat it would justify a considerable increase in the first cost by 
substituting brickwork and deep cuttings for ironwork and shallower 
const ruction. When' the depth was Hullieient for an arch, brick 
covered ways were to be preferred to iron-girder constructions, on 
account, of the smaller eost, increased durability, and safety.” 

Sir John Fowler confirmed Sir Benjamin Baker’s views in regard 
to the substitution of brick work and masonry for ironwork in all cases 
where' possible, even at a material increase in the cost of the work, 
lie thought tin* question was not confined to the relative rate of corro¬ 
sion of cast iron, wrought iron, or steel, hut to the great risk arising 
from hidden oxidation on important members of millcd-in ironwork. 

These views art' corroborated in the experience of American 
railways. The Pennsylvania Railway has already replaced a num¬ 
ber of its iron bridges with masonry arches, and wherever possible 
will continue the substitution. 

Cur-wheels made from the best of gray cast iron when immersed 
either constantly or alternately wot and dry, in fresh or salt water in all 
stages of impurity are found to corrode faster in the body part of the 
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in both parts of the wheel uml under the same eorroshe influences. 
Tim difference must be utlrilmlecl to (he effect of tiu* chill. which 
has changed tho molecular formation of ihal part of the wheel, 
making it more dense and of a needle like or lilamentous formation, 
(Imt is not so readily u(.lacked hy corrosion us the crystalline purl. 
Tdiis cflcct in ear-wheels is the more noticeable as (he body part of (he 
wheel is covered with a skin of the silirate protoxide of iron, produced 
by the molten metal fusing tho sand m (he mold. There is also n further 
protection afforded by a film of (he black magnetie oxide of iron being 
formed at the same time by tho oxidation of the h, t metal in eo,.)ing. 

(last-iron pipe or piles would be more durable were they east from 
chills the same as the (read part of a car a heel Instead, hnwe\ er, 
of this method, which is attended with some dillieullies nut present 
in the easting of ear-wheels, it has been proposed to increase the 
depth of flu 1 silicate coating on such bodies b\ a ptoress used h\ the 
ate Mr. 10. K. (’. Davis, late President of the American Suciet\ of \(r 
ehanical Kngiueers, in the protection of mining pump , chambers, 
and pipes Niibjoel, to the action of mine water ’Hie coin»d\ e action 
of this fluid is very great nod increase* by motion and pressure, *1 he 
process consists of coating tlx 1 cores and other purl- ot the mould 
with a thill paste applied hy a brush, which increase* the thickness 
of the Hilieute coat to more than double it* nut oral thiekue and 
can be made still thicker by repented application* oi the paste before 
(lasting. The eomposition of the paste is, u/, 

112 parts silica. 

•I I " eulrilied soda cmDonate 

21 " “ earhonate pin ip»tate 

4 " boraeie acid. 

Mix and thoroughly pulverize them, ('oat the .me m mould with 
plumbago facing, and apply the enamel je» a pirndn <<t pa te i<< ii»* 
thiekm'ss retjuired, in one <»r more application -, and « a t a- u- ual 
A single coating with this com pound more limn double the hte «4 
the metal. 



innidc' ol fivt' years changed to a plumbago-like substance, that had 
luinlly any strength and could bo cut easily. No change in the appear¬ 
ance of’ lho niolul was imlicaled; the change in the metal was from the 
inside, or whore in contact with the water. The pipes had the usual 
lough skin, and wen; nominally protected by a foundry dip coating. 

.Mr. h. A. Buyer, M.K.,* reports that a east-iron water-pipe 12 indies 
in diameter, 1200 fool long, used to circulate sea-water for conden¬ 
sation purposes, laid mostly in the open air, was changed in two and 
one-half years to a plumbago-like substance that could be cut easily, 
but to the eye presented no indications of the change in the metal. 

dray east-iron water-pipes f laid at Atlantic City, N. J., for nine¬ 
teen yearn, in black swamp-mud containing decomposed vegetable 
and saline substance's highly acidulous and corrosive, were found 
to be generally corroded externally. The iron was softened about 
k inch in depth, and in many places it had extended through 
the pipe 4 . The corroded met id appeared to have been replaced by 
a clay like substance of light weight, containing 17 per cent of silica, 
particles of the cast iron being embedded in it. 

A member of tin' American Water-works Association reported 
in the UK)2 meeting the decay of two cast-iron suction-pipes, where 
I he metal was changed to a graphitic substance, easily cut. The suc¬ 
tion water was originally soft ground-wafer, but later was artesian 
well-water containing u small amount of sulphuretted hydrogen. 
Wherever brass and iron came in con (act with the water-mains, 
eventually tin* iron became soft enough to cut easily. 

Mr. Tmutwine, an eminent American civil engineer, recommends 
a white clow‘-grained east iron or chilled iron for piles and wharfs 
exposed to sea-water or sea air. 

Mr. Turner, Assoc. R.S.M., rceominneds a gray cast-iron for 
docks and piles exposed ill lOuglish sea locations. 

The above results of the use of different brands of cast iron for 
sea-air and Hen-water exposures in different locations arc probably 
duo to tin* difference in sea-water in different parts of the world. 
Sen-water varies greatly in corrosive and fouling properties even if 
not contaminated as mentioned before. ____ 

. • A » i 1 » i.. £ llV* f»»4 .rifkVil Vrtl VVT 1SCU 
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Cannons and other tough cast-iron articles. l> or loon* inches 
in thickness of metal, sunk in (he sen in many part"*: of (lie world, 
change: in ahout one hundred years to a sol( eurliurel ot iron or a 
plumbago-like substance, without any diminution in • ize or any 
exfoliation in scales or (lakes, as in atmospheric oxidation. They 
become too hot to handle, when first raised and expt*>rd to the air, 
from (lie absorption of oxygen. 

Mr. Francis T, Bowles, Naval Constructor t ubed state Navy, 
states: “That the corrosion of Iron and steel, tiom the oil . nations 
made at flu*different (lovernment navy yards, with the dUleient kinds 
of iron and steel used in naval vessels exposed to sea water m vaiiotr; 
parts of the world under a great number of rondit mu • of tempera¬ 
ture, brackish, sewage, and dock water, was; That unpuiuted iron 
and steel plates will corrode in one hundred years on eaeli exposed 
surface .30 to .50 inch of metal ; in ordinary fiedi Hater. 02 to 
.03 inch, imd in thi* atmosphere, .25 to .30 inch." But be makes no 
distinction in the* rate of corrosion between iron and ■oft Meek 

Mr. L. M. Hastings, City engineer, ('ambiidge, \hr ?. . n-poi ting 
tile results of bis experiments to ascertain the thliTi emv in mine 
sion between wrought iron, soft steel, and east non, all tiueouted, 
exposed to a running mixture of pond and brook water, tank >.,,H 
and comparatively Free from any arid or saline inattrm. slates: "Tlmi 
after an ('xposure of one year (he uueoiited wrought non was badlv 
tuberrulafed and rusted, the soft steel was nmihu U alb-cted, but. 
not to tin* same degree; the east iron was also idfeeted The per¬ 
centages of increase in weight due to eorrnHnn were us follows. Tim 
■wrought iron, 1.5 to 3.1 per cent; the steel. I 1 to 2 1 pel rent. and 
thi' cast iron, 1.0 to (UH> per cent. A similar set of plates boned 
in sand, also in clay soil, showed the same relative difference in cor¬ 
rosion of the metals." 

Dr. Robert II. Thurston * reports the result of his m\ e-. ligations 
of thi' different rates of corrosion between iron and «in-l Bswlli, 
they are: “Cast iron in dilute solutions of nraC C taptdb acted 

1 t ntl ll\n 1 ml 1 i*r. ti’iti itf t { vl Hiiai.teo 1 
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rusts lc'ss lupidly than soft k1c>(* 1. Bilge-water corrodes iron, and 
Hlot‘1 rapidly. iron ships carefully painted have been found to cor¬ 
rode at. a rate not far from inch in twenty-five years." 

Thwaite* gives a formula and table of constants for the rate of 
corrosion between different metals under different elemental expo¬ 
sures, all for unprotect,etl metal, viz.: 


Wuti'r. 


MtUm ml- 


Smi. 


llivor. 


Impure Air. 


ImiuI. 


(’lour. 


Fuiil. 


Clour Wnlor, 
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.0109 


Average lor «>a wuier: (‘nut. iron, in eoutact with briiHH, copper, or gun 
tmmy.es, 0,10 m 0.35; wrought iron, in eontnet with the huiuo, 0.3 to 0.45. 


No analysis of the roust intents of the several metals is given, and 
the terms hard and soft metal are very variable conditions. How¬ 
ever, all of the above experimenters give hard metal, whether of 
cast iron, wrought- iron, or steel, as being less corrosive than soft 
metal. 

Mr. Thomas Andrews, !\k.S., experimented at (he Wort,ley Iron 
Works on wrought "iron and steel plates containing varying amounts 
of carbon. The plates were immersed in sea-water that was changed 
monthly. It was found that the lower the percentage of combined 
carbon in the metal, the lower was the corrosion. The best wrought 
iron corroded less than any of the steels at any stage of their expo¬ 
sure during the one hundred ami ten weeks of the test. Wrought 
iron that contained double the usual amount of phosphorus and 
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Jn any of the steels, umtigaurM* in t tended «.• pioduee an 
increased corrosion, evidently Imni it* unequal »h lulaiuun and 
the galvanie action on tin* adjacent metal. 

On the whole, from the many repoitrd fa r- ot nur-omm in ail 
parts of iht> world, that include many qualifier «»S r.t i nun and 
wrought iron that hast* had approximate expo-m e i»n ilot 1 \ i<r 
more years, il appear* that hard clo-.e riamed and » lulled u<<u ait* 
less liidde to corrode than any loaml * ut -•«*1 f **i nrf.il Iouter, 
upm-hearth steels, also Mod oaMing/- wed t««i Man hn.d not 1,, have 
not yet had time enough to albad many eompan on with earh oilier, 
or with east iron and wrought iron, to pnoe whuh nu ml t < i he uio-t 
alTectt'd hy corrosion. 

It. is left to the future to de\ dop •umie alloy ol umi i<r stool t hat 
will retard if not prevent corn 'dun, wlulo u«*f mutenalh reducing 
{.heir strength or other qualities. 

'Hie eompoHitioii of wrought iron and tho pit «cev e jt r , adij vied 
to between (lie bloom and finished artu it* lmvo a gloat otlooi to 
determine its rale of corrosion, lr«>n mumming ulphm t n-d -deni, 
that containing phosphorus in cold short H<<ih dtflor m cnrr»»M 
bility; the cold short is the otto loss nlTerfed, betur hauler ami more 
erystidliue in composition, while the rod deni ha tbo otlphur olo 
men! to aid corrosion, \eutral iron made from Wall of tbo above 
brands has a diiTercnt rale of corrosion titan oil hot 

The same tpiaiity of iron worked in the toll-., in the one ra**o With 
length wist* and crosswise, in produce short or pinto turn , differ in 
currusibilitv from that worked priuripullv in one direct i*m. ?»•■ in 
{lit* cast* of beams, angles, and other M met oral <hape- U 1 «<f the 
latter forms tend to disintegrate hv mrmdtm into trip-, noodle 
or fibrous form, owing to tlu* granular diameter «»f the iron being 
changed by the rolls into jmralld fibres, tlmt are not interlocked 
as the cross-rolling arranges litem. The common aided !*v the 
eindt'r follows tlu* grain of the metal, The cinder b m id and 
and only in mechanical Wind with the mm hv reason of the actum 
of the rolls. 


through 11 it* n il Is. enough, m fact, 
to siit>\v a marked difference in the 
corrosion of the Uvo products, when 
from tin' same niclal. Boiler-tube, 
skelps, 1 Jt'injuc made from a bed tor 
quality of iron, or having been re¬ 
futed by a further working of the 
same grade of metal, by having had 
soitu' cross-rolling before being made 
into skelps, an* less alTeded by cor¬ 
rosion than ordinary wrought-iron 
pipes, 'file arger sizes of these pipew 
being made from long rolled skelps 
and lap-welded, instead of only welded, 
us in the case of small pipes, show in 
the welds a less c.orrosibilily than in 
the body part of the pipe. This is 
due to tin* additional condensation of 
the fibres at the welds; also there is less cinder in the lap-weld. 

(bid-rolled shafting and rods art' rendered more dense, by the 
rolling process, and they art' lew alTeeted by corrosion than the bars 
from which they are cold-rolled. The process also increases their 
tensile strength. Cold-drawn wire also presents the same features. 
A wire nail corrodes lew than a cut nail, so does a hammered or so- 
ealled wrought nail. 

Polished iron and stesd tools, sword-blades, razors, etc., resist 
corrosion boiler Ilian the same articles ground, but not polished; 
the improved rwisinnec being due to the surface not having so many 
small cavities to hold any moisture reaching it, because of the con¬ 
densed and repellent nature of the surface due to the polishing. 

Burnished surfaces wist corrosion and are more repellent of 
moist lire than polished ones; but, if corrosion is once established 
on them as a spot, it appears to concentrate an energy to produce 
a deep corrosion, that is difficult to eradicate. 

Rivets have a different rate of corrosion between their heads, 
or points, than the* hodv of the rivet. Corrosion of a riveted joint 







The <|Uiin(ily of metallic imu in the l*e*t rehned Is» W.K 
per ci'ii(, In common Imr imu it in ‘is t«* U* :\ jwr cent. In ordinary 
cast imu, about *.per cent. mid 2d jK*r rent *4 graphitic raiUtu, 
'I'lii* jinnoity nf volume ill ordinary east imn I II jut nut; in 
different kinds uf Ihmemer steel, tl. 11 to I 2ft j« r rent In a loro- 
motive tin* iu^"l, O.d” p**r ivnl. I*««r a hard imu tire, U wt |«»s rent, 
In u basic* imu mil ingot, l.dd per n*ut. In a I taste-at eel ingut, l 22 
In 2.17 per cent. 

At mi minimi convention uf tin* Ameririui Institute nf Architecta, 
ill n discussion nil the Use uf imu inn! sfrrl m tl»« cuHstrurtioh uf 
modern high buildings, it wan rej»urted by mu* uf I he leading archi¬ 
tects in lilt’ 1‘niled States that tin* irmi Iwmfjw removed l»y iuui front 
flu* old Vi nit x building, though in u«e mil\ tliirtv In** years, were 
ml ten with rust. They u ere eurhm^l in right uirhe* uf I trick w oik, 
forming I lie arches that supjHirt**d the pavement Minr tin* vault 
where the steam-boilers were placed, sunt though atwsnn dt v, \el 
iuui heeii exposed tu ordinary lireuitom vnjw»m. linn tuni tn***u well 
painted with inm-oxide paints and prut**et**<it frmn exleiuai moisture 
Iiv an asphalt covering. 1'he imn eaiue uff in strips. Hearh darn¬ 
ing that tlie rust hud followed the himimitiuii nf the imu, tf»* well 
of tile girders being so ruften ns In U* *•«.*» h limketi In the ImgcM, 
Other examples uf sidewalk beam rormdoii lire given on page 2tHI 
Anchor-stocks iimde from hammered imu alum» mrm» 

mk in I Imu cahlt* links. In Isith eases old v the lira! »jtiahty of iron, 
that- cnnlaiitH hut a sinali tpmutity uf cinder, hi empkned. Use 
link corrosion is in thr form of strips, following the hbre nf the meial. 
while the anchor-stock generally eumtdes in » compact »rwle form 
A different rale of corrosion exists in the eahie links at it,», end. when* 
th(*y are welded from that shown in the i*»dv \ Hie imn in or near the 
weld is i eh tied stud mote dense, tils* * Ii?i,s the f jl (res interlace! | j nil 
these points have a tendency to delay corrosion, which |jt mure rapid 
where the (ihres are utalisturhed by the hammer, 

/ mini l Slnrhix iimi l/rlal (, 

Willi the recorded instances uf the commit it i of imu and #toel to 
judge from, it nmv he pertinent to ask. 1 nw* tune u'ill tI... ut li. 


when completed, these constructions have a small margin of strength 
above that necessary to get the metal into place during construc¬ 
tion, and none at all as a reserve for the loss hi strength from the 
inevitable change in the metallic work exposed to sea-water, which 
begins just as soon as the shield is in place; and in the case of tough 



Fig. 48. —Corrosion of a steel plate from the Washington Street railway bridge 

in Boston. 

close-grained cannon metal, has been ascertained to be at a rate of 
about six inches in one hundred years. 

The lining plates and ribs for tunnel-shields are seldom over 
three inches thick. The different sections of the shield utterly pre¬ 
clude any material strength to be derived from their circular form, 
made with bolted joints. The bolts holding the shield sections 
together and to each other are relatively small, and will be the first 
to yield to the effects of saline corrosion. 

The brickwork or concrete lining of the tunnel, however thick, 
or the thin coat of partly dried paint, will not protect the shield 
metal, for any appreciable time, from the change to a plumbago-like 
substance, which does not require the presence of air to produce it. 
The passage of railway trains through the tunnel will set up an undu- 




However strong sui'li metnlhe shield* and ime >*10 % loud run- 
structions uiv w hen driven through lock *m > ;n (h, tu m tluougli 
Sill (- Wilier nr (he saturated silt ot all ual< t, tin v air I hr u.ost 
treacherous and dangerous of ail euguirn mg dm *« a ul n mcei\ rt|, 
a fieri lug 11if transportation .Mini ' nl«-l> ot fie- publm 

Metallic Hill Is and neiiS^ in vvafei infrsrsli. flu- rm to-don ,,f u ]j 
metals r\posed tn their action rillirl hv iminri -e >n 1*1 1 n condemn- 
linii nf {lie vnj >i us limn llitiii. The metal woik o! mtlvi ,-»\ tuniiel • h 
disuslmusty nlTreUnt liy (he coudru *rd u% j*»•«►* »*S .nlphniotiu and nir- 
1 tonic acid ami (lie moisture due 1*> -ncli local »««!!-, the fill luduii 
nf the metals decreasing (he rc-bunner nf the wain to voltaic iiirmt<; 
(his cornisiuii hy li*(tiidlH‘iug v nltair phenomena in all ra-a-'-, and 
in many cases is iuleiisiiird In (he nmntiur bring in the ham of 
drops iuslend nf bring uniform!) spirad mi t the wh»*le ’ m hire. 

1 lie (Mi ( (1’ ig. Ill) irulii the iuulumtf (tiu* U* \t«v end hm ’JH, 

1K1M, represeiils u section of u sevettfv bv pound ter tail laid 
in t lu* Muscouetrniig Tumid, icimn ed att.i bring laid 

live years, having lost more uright In ei»i i*> n»*u than wear. 
The dot fed lines show the original sue of the rail, and 
(In' full lilies its present worn 
and corroded size, which i* \n v 

marked. 'I’lie rails were removed » 

on iU'ciand of their strength hnv inn 

liceti H(M‘iouslv affected hy the cor- ^ 

rosion, The tmuiel is very dump, 

and a great deal of sand is used 

hy tin' engines, which kept the : 

base of the rail covered, the 

vibration caused hy the passage of 

tin' trains having a tendency to 

remove tin* thin scale of rust almost 

as rapidly ns if could he formed. ' ** *> 

There was hut little apparent dif¬ 
ference in the corrosion, whether , 

, 1 to. <40. 

between the miss-ties or where the 

?1 .... .1 .. ! .... . 1 fH H at a 
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almost motionless Tor twelve hours per day, and though the accu¬ 
mulation of carbonic acid is rapid, and a part of it is absorbed by 
the great quantity of water present, the air is almost unrespirable, 
and causes a great deni of distress to the workmen, and the corrosion 
of all metal-work inside the funnel is very rapid. 

Tin* water that trickles down the walls of the tunnel is the conden¬ 
sation of the exhaust gases from the locomotives. It contains sul¬ 
phuretted hydrogen, sulphur dioxide,ammonia, and carbon dioxide, and 
other combustion gases. The rails are renewed every ten years, and the 
telegraph cables in the funnel require exceptionally strong wrappings. 

In the new Simplon Tunnel, 0-1,71X feet long, forced draft is 
proposed, requiring over 300 II. P. at the ventilator shaft. The 
fans render an effective duly of Ob per cent, 171)0 cubic feet of air 
per second being required for ventilation. 

In general, the corrosion of metals in funnels where the rails are 
bedded on east-iron chairs is represented by east iron, 100; wrought 
iron, 120; sled, 133. 

In llu 1 Arlberg Tunnel, 33,3X7 feet long, the corrosion of the 
rails and other metals is so rapid, (hat they all require, renewal every 
ten years. The corrosion comes principally from the condensed 
gases of the locomotives, though the trallic is light and a good qual¬ 
ity of coal is used. 'Phe temperature of tlu i tunnel remains almost 
uniformly 75° F. throughout, the year. 

The amount of free sulphuric acid in (he exhaust gases from tun¬ 
nel locomotives using a good qualify of bituminous coal has been 
found to be about. 5 pounds per hour, varying from —0,3 to -1-7.9 
per cent. 

in a tunnel in France 2X30 feet long, where but little water came 
through the walls, (lie 7X-pouud“pcr-yard rails were replaced after 
the passage of 230,000 trains at a speed of nineteen miles per hour. 
They had been eleven and one-half years in service and had lost in 
weight, 1X3 pounds, or 2-1.100 per cent per yard. The corrosion was 
general over their whole surface, but the rolling action of the wheels 
on tin* head increased the corrosion at that point by keeping the 

tmi t (■ 1 ttC.rl 1 1 i ini it/ v" ur 11 i/t 1 * ml n m fnul li P/ ’1 ) </l 


Thin rnnlinp; wits firm luiil finish, and *ii«i n*>t tlnhr *<t rah* nil m 
transportation nr in the laving of tin* im!, \i the md ««i !u«*mv 
years ( lit' metal had nut eonodrd fu ain apju« rul«lr > \t« nt, r\n*pl 
where meehanieally injured. The* runt me. ««- pi art trails 11 it* mal- 
tur dip used on water-pipes In KnjdeT tenud. i ■ 

Mr. Otto 1 lel'liug files the ur.Iaiirr ««l {In- mite- s««li ni -mute 
tec-rails list'd ns girders in a ( ape Hirt*»m imnr, fhat had 1 tern al*an- 
dotied twenty years. The uieinl wa t hane,* »l i* > a ria\ j h him\n 
color, could lie cut, and had a sp* nhr ri.n its. • *1 «<nl\ JuA.l. |’he 
int'Uil powdered in a mortar was u.ae.ut tn It ate»h .•« *t a-- IuIIuw.n: 


Iron. , , . 

.11 hit 

tlraphitie enrlum , , 

J\ IU 

Silicon .. 

1 S do 

Manganese. 

1 «u 

Sulphur .. 

1 IK) 

Phosphorus. ,,, 
rialeteriuiueil and loss. . 

A s.» 
df L* 


Pig. 50 represents the rum* dun *»f m 
and other places contiguous to <ea min t. 



HKi t«t 

1 l all-* Ini*I l!|«»n decks 

i In s r t In- t f * <t rur 
I«>si \% as c* pod t«« i p r 

eriil eafli v<*i»r upMis tli*- u* edit t.f it 
|«<uinl fail |>ri %:u»| '( hi d tails 

of tin* t ail liMiu whi* h tin* rut u :<s 
Umde Wetr relit 1 lletled l>\ \fl 1 Irl * 
plllt, t IsJrf | ,i»eiln*l * *t I hr .'“'Uleatia 

Stat»• , thitineli \|i .1 \V, 

{Sint , ihx i <s*»nnl t hot |\iipinc»*r of 
the \rt hrj i.usd s '•‘fair Halitiat 

'I II.* aninial irp.,i t P.i |*Htf 1 * uf 

tile Snurni ang Jean a Strain Tiain 

Witv (’uiupitm i..f ,?a\ a % states 
that II ro!e»id*'lidtiotitl*r! uf *tr *1 

rilils had iu |*** Ie||n«r i-d ti<>in the 








inmt ue’ueMopi wu |j_y111.171 ami wi‘Ui:t muuM iUM, iimcii uy nutu, inten¬ 
sifying the' action. 

Tlu'rmo-eloed.rie currents arise' from (‘.hand's in temperature and 
set up voltaic action which, though slight and not easily detected, 
will enlarge all fissure's, cavities, and seams sullicie'iit to sap the 
stri'iigth eif tlu* metal. 

Dr. Henry Wurtz * proposes an edectrei-elu'inicnl process for 
protecting mine metal, hy e-oune'ctiug all e»t‘ the fixed metal in the, 
mining plant, as the negative* ele'ine'ul, with a dynamo of sufficient 
force' to overrulin' tlu* galvanic, energy of the* surface's whe'ii e'Xpeiscd 
to the mine’s corrosive* liquids, the' positives terminal te> be cem- 
ue'cte'el to a mass eif hard coke* in the mine 1 sump. These' cemditions 
vary hut slightly from those* existing in a ship, and it is neit improb¬ 
able that both systems could be niaelc to work c'ffective'ly. 

In a number of instances where' the* whede system of mining-pipes 
required reiu'wal every two ye'urs, eeUTosion was cemipletely steipped 
by coaling the'm with an emmu'l in the* following manner: 

The pipe's were first, pickh'd in a bath of hydrochloric-nedd solu¬ 
tion to frt'e' them from the foundry scale*, then washed thoroughly, 
and dried. Tlu* pipes then rm'iveel a coating of 34 parks of silica, 
2 parts of soda, and h r > parts of borax. These were mixed in 
a lit tie wilier and the pipes e'Xpeiscd for ten or fifteen minutes 
in a dull re*d-hol retort. A seeouel coaling was applioel, composed 
of dt parts or feldspar, IS) parts of silica, 2d parts of borax, 10 parts 
„f oxide of tin, -I parts of floor spar, f) parts e>f seula, and 3 parts of 
saltpetre. Thtw we're* meltc'd together in a crucible. When cold the 
mass was ground to a fine' paste in a lit lie* water ami applied to the 
pipe's with a brush. The* pipe's we*re' tlu'ii e*xposed in a muffle to a 
while heat. The t'tinmel so fe>ruu*d thoroughly united with the iron, 
and has predi'eted the pipe's for ove*r forty yearns, and they are appar- 
ently in a good eeiuditiem now. 

The Journal of the Sorbin of Chemical Jndimlry (London), Febru¬ 
ary 2X, 1 xi)d, details semte experiments upon the galvanic action of 
non-water upon iron and stead structures in various relations with 
t'aeh other, as constructive parts of trusses, boilers, etc., to prevent 
the corrosion. The* use eif zinc and other easily oxidized metals 
u , l in in wi nUice l an 1 eemneeted to the 
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of Some Chemical Agents in Producing Injury to Iron and Steel/’ 
before the Manchester Association of Engineers, November 25, 1893, 
in which he refers to the interesting and exhaustive experiments 
made by Mr. Thomas Andrews, F.R.S., on the galvanic action which 
takes place between iron and steel, and between iron of different 
kinds and steel of different kinds, viz.: 

“The galvanic action between wrought iron, cast metals, and 
various steels during long exposures in sea-water.” Institute of 
Civil Engineers, Vol. 1883-84, Part III. 

“Corrosion of metals during long exposures in sea-water.” Insti¬ 
tute of Civil Engineers, Vol. LXXXII, 1884-85, Part IV. 

“The relative electro-chemical positions of wrought iron, steel, 
cast metals, etc., in sea-water and other solutions.” Royal Society 
of Edinburgh, Vols. 1883-1889. 

Mr. David Phillips’s paper. Institute of Marine Engineers, 1890. 

In the above-named articles Mr. Andrews shows that while some 
varieties of iron and steel remain constantly electro-positive or electro¬ 
negative to each other, others change, taking opposite positions toward 
each other, while others again change positions constantly during long 
periods, these changes always producing rust, 

“It can be easily understood that while there is no material voltaic 
action between two pieces of steel or two pieces of iron, or of pieces 
of steel and iron, there may be conditions on the surface of one plate 
or rivet which may act strongly as an electro-negative element, and 
produce rusting on the metal in contact with it. A piece of iron 
immersed in weak nitric acid begins to dissolve at once. A similar 
piece placed in strong nitric acid, touching it for a few minutes with 
a piece of platinum wire, and then putting it into the weak nitric 
acid, will not dissolve, it having been rendered passive; and simi¬ 
larly, there is reason why one piece of iron may act electro-nega- 
tively toward another piece of the same metal, on account of some 
slight alteration of its physical properties, by hammering, such as 
closing the riveted seams of plates, calking seams, setting tubes, 


Government to investigate the can e <4 the holme * 4 ' fhr T;iv bridge, 
reported that w here cast jmu and wtoiipht u * *n u ei »• n .imected 
by rivets in tunny part,- of thr -nine Jim tm« so* tl.m \u i» m thin 
otto), the rivets a ml cuimertinp uionghf 2 i»»s, when* n •nuretrd 

to the east iron member**, ot t lit* • n m t ho- o i .lunar., !! ; »npri. -.pan- 
(IreIs, etc.I, hml corroded 111 -mil HII extent »r to ?•« !««*!»»« the print 
of stability by the local gah .our nn h* in on .1 .a nun.t-rms- points 
in the structure where the H\o metal- weir in i I, and thr n»rrn 
Hion thus ('Stablislanl WHS the ran-r <4 thr dr ;et» i 

Mr. St. John buy, in a paper ir;»<t 1 « s* »»*- thr fm ntuhon <4 Ki»|»i« 
Deers mill Shipbuilders, Scotland. 1 rhnum . Kmi, fated that ” the 
U-itieh diameter bolt,- holding the In- m the fair *«ii the Tut, budge 
Were so corroded that the\ would Imo* !*• irjdai» ! n rn tmir to 
six veal's. Some ot' the bolt-, weir Sound t<. 1«- ». n\u%\ to 
ono-hulf of their o giunl size “ 

The Scotland Hoard of Trade now prohibit- thr i otmeetiou of 
east-iron e(dumns with wrought mm eotumn* ot ts«- 

The corrosive action noticed in the mrir.i -et-tnm * • 4 the tubular 
bridge over the St. l4iwtvnee liner ut \hminal, t ’.umdn. trlnsrd 
to lirfinv, iTOembling 1%. ,’Uh ( ‘hnpter \ \ \ Hi, w a- *4 a -malar 
imiure to the above example In tin- rn-r. while she ntrawiMii was 
of almost imparalleliHl amount and \uditt m the whole .ttm tore. 
Ihe rivets that held the floor I team* and lruck -lunger- in plaee, 
and wore under the greatest .-train and subject f*. vibration and 
shock from the passing of the railway trains, were min«|ed the mod , 
though all of these parts were of unmght iron (<> wrought iron, but 
varit'd in quality from common iron to refined iron 

An important qutMiun pre-outs itself to 1 toilet makers whether 
it is safe to rivet stead plates to iron plate* tu * team I toilet*. or v\ eu 
ill other const ructions, pnrtiewlnrh where exposed to lugh tempera** 

Horictv, Vol. xm, p. -13; V..1 MdV. |. hV,». V.4 \t t\ , p J'/n. »i»t Y«4 

LIT, p. U l. 

"On the Corrosion of Mends tu Sea-watrr " MtsmU** «»< f*r««* **-*l****?« 
lion of Civil KagiiaxT* fKuglMih V*»l \ J.WIt. p and V»4 t \ Ml, j. 

"The Action of Tidal Stream* on Mt-snt» “ l‘r* «*«**•** ItI rt|>-r«t«-d In»tit\e 
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other, Mr. Thomson made an extended series of experiments, using 
a Thomson’s tangent galvanometer to measure the electrical cur¬ 
rents generated in the corrosion of iron and steel, both singly and in 
connection with each other, and when immersed in different fluids, viz.: 
sulphuric, acid (one part to nine of wafer), caustic-potash solution 
(specific gravity, 1.811), and chloride-of-ummonium solution (specific 
gravity, 1.088), the latter representing electrically the ordinary con¬ 
centrated water found in steam-boilers. 

'Phe details of the experiments are important, but I will give 
only the results obtained, viz.: 

“ When an iron rivet and a piece of the above-mentioned corroded 
steel furnace plate wore placed in contact and immersed in the weak 
sulphuric-acid hath, at. first the steed was electro-negative to the 
iron, but in a few moments it changed, ami afterward the iron was 
electro-negative to the steel. When placed in the ehloride-nf-ammo- 
niitiu solution, at first the iron was strongly electro-positive to the 
steed, and afterward became urn hi if electro-negative. When placed 
in the caustic-potash solution, the steel was strongly electro-positive, 
bid. the current gradually became weaker and weaker until it practi¬ 
cally ceased. A new steel rivet in an iron plate, a steel rivet dosed 
by a machine mid held until nearly cold, an iron rivet dosed on a mild 
imworked steel plate, all reacted strongly among themselves. The 
iron when first brought into voltaic contact with the steel was strongly 
electro-positive to the steel, being presumably strongly acted upon 
by the solution, but after a few minutes almost ceased action or 
became reversed; and so far as the tests demonstrated as a whole, 
it was It) the effect that it was quite as safe to bring iron and steel 
in dost' mechanical contact with each other as two different kinds 
of steel or two kinds of iron. Corrosion was developed in some 
degree in the* contact of all different metals to each other.” 

It is cited that a number of torpedo boats of the French Navy, 
that hud been constructed within leu years, and that had not made a 
thousand knots of sen service, were found to be so corroded at the 
water-line 4 , though well painted from the first with anti-corrosive 
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paints, they hatl In la* condemned h*r seniee; wink* *»(h*-r bunts of 
tho same class (1ml- had never been its rnimnt>a**u, but had been 
laid up mnlur cover, had, as the report mis,,--, "eaten then nun heads 
oil by corrosion,” and were condemned i»»r the same nn e, In tlusc 
eases iht' corrosion lmd beets in progre-.s ntsdei* the pastu coveting, and 
showed but- lilllc sign of il> extent or p» ogles-.. until thr plate-. were 
HO coiTOilcd ill spots, many of t heist I»l huge uten. that t he hammer 
used in testing tlit* plates broke t(trough the 'Liu n! the boat.- under 
the elTect, of blows that would not dtive a nail inti, a pine block, 

The use of anti-corni.dv c nr atsfi muling paint . containing ■' tilts 
of any llictal, is Ut tended with the gteute-t <las»g«-j to t he routed 
structure. 'These pigments ate rsttrmrh -.eu-itne t»« the pi metier 
of Haltin' elements in moiMtuv, thetr action bring to sapt.lh «ls'»-ohe 
portions of tilt* iron, and to depic.it the me!,il W In* h slaw ront aits 
Upon the surface of the plate-, and t he r depo it cwilai!' eurlgefir 
galvanic aclion, cause enrro'dou and pitfme to go »-n with ahuming 
rapidity. 

Both mercury ami copper salts ate ofbndn . in tin was, , hut 
copper is by far the more objectionable, td**m the i.u t ttest site ..dm 
formed by the action of the m-u wsites upon tin- romp-.mid > u ,rd m 
the compositions ttre far more •uihthir than fin* r**si*" 4 »ou<iiug ’<ult> 
of tiu'rcury, and arc therefore liable to be pimmi sn much huger 
quantity, and mu exert cumpamtiv elv a much mote mpsimu , art mu 
on tin' plates. 

As an illustration of this, two equal p> *tfson» *«i -.ra u.u »i writ* 
saturated, the one wills copper chloride, the ><t Kn with mi-insur 
chloride, and into each a piece of *.lrrl planed upon ..n« i ir and of 
about equal weight and si/.e, win* placed and left s*u mu \t 

tilt* end of thin pi't’iod the two platen were rm.oi, ,u, >1 ( lt« u bring 
ch'Hticd and dried, were again weighed, when if «,e. !«.>md that tin- one 
ex post'd to the copper saturated *ei» w.iiei had |».-i _• p,i < rut su 

Weight, while till* plate exposed to the met! ui mi «.-lulmn Is,el *i|||v 
lost 3.0 per cent, this being due to the much hugn am««unf .4 tin* 
cots ser salt soluble its the sett water, 



jcuo iuxwarn, Dir iNarnamei J:>arnabay, Mr. McIntyre, and others 
also suggesting various plans of attachment. In 1888 Mr. C. F. 
Henwood read a paper before the United Service Institute, strongly 
advocating zinc sheeting as attached by his system. 

When the galvanic contact was small, then the sheeting had a 
certain life, but afforded but little protection to the iron, and gradu¬ 
ally decayed away in a very uneven fashion; while in those cases 
where galvanic contact was successfully made, the ship on several 
occasions returned from her voyage minus a considerable portion 
of her sheeting. 

Another drawback to the use of zinc sheathing is one which was 
found when it was used to coat wooden ships, and that is that sheet 
zinc, like every other metal, is by no means homogeneous, and that 
for this reason the action of the sea-water upo it, leaving out of 
consideration galvanic action, is very unevenly carried on, the sheet¬ 
ing showing a strong tendency to be eaten away in patches, while 
the metal itself undergoes some physical change and rapidly becomes 
britt e. 

Attempts have been made to galvanize the iron before the building 
of the ship, but Mr. Mallett showed, in 1843, that this coating was 
useless when exposed to sea-water, as in from two to three months 
the whole of the zinc coating was converted into chloride and oxide; 
and when, therefore, galvanizing is used care must be taken to pro¬ 
tect the thin coating of zinc. In any case the galvanizing must be 
done after the plates are riveted up, as any break in the surface 
would set up a rapid wasting away of the zinc, and the process could, 
therefore, be only used on small craft. Fresh water has less action 
upon the zinc than sea-water, and for this service galvanizing would 
be attended with some measure of success, the rapid wasting of the 
zinc in sea-water being due to the salts. 

As has been before stated, if plates of iron or steel and one of 
copper be joined together or placed in communication and immersed 
in sea-water, acidulated solutions of water, or of mineral salts or 
oxides, the ferric body becomes electro-positive to the copper and 
is rapidly corroded. The corroded metal is always found in com¬ 
munication with the positive pole or current of electricity, the fluid 
soon becoming red from the rust formed. 














ol zinc and 1 .).(>.>(> parts ol oxygon. r lhc hydrogen set free replaces 
that lost in the heating of the water, that in a measure is broken up 
at all heats below a low red heat, where complete dissociation of the 
hydrogen occurs. In both the steam and water, the flocculcnt par¬ 
ticles of the zinc readily unite with any ammoniac,al, carbonic, or sul¬ 
phuric. acids, saccharine, or other organic vapors or liquids present 
to form sulphates, carbonates of zinc., etc.., that would act mechan¬ 
ically in the water to prevent deposit and cause corrosion. 

Central-lieu ting-system pipes develop a virulent corrosion. The 
reason for some of the eases is difficult to find. This corrosion has 
caused the abandonment of the pipes returning the condensed water 
to the boilers, and in some eases the failure', of the whole system. 
The corrosion occurs in both the steam-pipes and water-return pipes, 
bring more marked in the latter. In screwed-end pipes the corro¬ 
sion first attacks tin' heel of the pipe threads as zones of disintegra¬ 
tion and oxtouds until the whole' pipe is affected, though no corrosion 
except at the joints may be noticed. 

In the steam-pipes corrosion take's tine form of pin-holing or pitting, 
from the inside' at any part of the pipe and does not develop into a 
general corrosion of the* surface as in the ease of the hot-water return 
pipes. Whenever a blow-out or pin-hole from corrosion occurs in 
the slt'iuu pipe, a closing elown of the metal annual the hole by a 
peen hammer stops the* le*ak, which seldom reopens, keening the 
metal has made it more* dense and ess inble to corrode. 

Cast-iron steam-pipes are less affected than wrought-iron pipes, 
but the joints draw badly, owing to tin* temperature changes that 
cause n leakage (hut frequent caulking only momentarily corrects. 
(Viiienl joints are unreliable under high temperatures, while rust 
joints owing to their own corrosion burst the sockets of the pipes. 

In centra! hearing systems, the Iohhi's from leakage and condensa¬ 
tion amount to from HO to d5 per cent yearly, aside from the loss of 
the return water; while the corrosion losses are about 10 per cent 
of the cost of the pipe lines 

Particle* of dirt, eitnlcr in excess, unabsorbed carbon or manga- 

"t’*,. nf /due In the Steamship irinilorttnti,*’ Engineering, August 7, 1878. 

<*TI,e Corrosion of Steamship Hollers.” The Practical Engineer, Vol. X, 
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disintegration of the pipes, \\lu*-ii mnhuue'- ;iltn n..m\ of the abn\ (! 
causes Imvo been 

In nil dl’ these pipes a l» ov den it \. »*j««-it n uiu >l idaim-nt funned 
iron, cinder in c\ress, heal, mol em «4 va pm an.i u.Hi i muh-j j, t „ 

Burn lire all present, and no jtr*1 1 v** «•. «\nsm- ><1 .. "lie 

luil, Water in inure elTirti ve than ’-team in Jo-rp-t.e f hr pjpis rli-an 
and bright, ready for cihtinu' udlnem-e , 

Thu disturbance of wafer In high heat in desor p. i dalK di”-u- 
(•,inled has been already explained m *l.e< rhupt* i 1 hr a. t ».n nf 
//inn on e'er In>gens, in the rase »<f iu.miif !.,.?*!• and r.i water 
corrosion, is always favorable b»s the ptr a i vaf o<u »■! t ? •- n » pd '{l.e 
tine of zinc to prevent runosiou in -lean* pipe- , ladiafoj ami heating 
lines, could be hardly less fu\ oj.dde, 

M. bomlin's {('ttlilJtftH lit tnfu.-i i e\jn«i linen!' «-n lit- « >0 <<• ton ttf 
il'otl immersed it! wafer iiMt»!I\ h»nn*l in f« am )••.;!< t , «„?■ That 
will) both ordinary and distdied wnfet, the toi |*i iainn- had a ti t\ 
important itilluenee, vi/.. ■ 

f< At (IN'* F. the ijuautitie-H nf nuj’i-ii ahouhrd s .iu.ur tt»n «>i 
iron Hlirfaee per hour, when muoer ed in dr idled v, at. i t*. a- 11 
grain and in cuIouvouh wafer Uddo gpun, \t ,'K* I . Slit > j l.Utf if II *" 
rone (o 2.3(11 anil 2,57!) grade’ The inuner s.o« *4 H"U m wait-? at ;-!! 
ordinary temperatures was nf fended In the r\ oini ...n «<i In dn-su-ii, 
the aeliou being the least In defilied wales \t .» »i snf„» infns,- t.f 
2(50° F., tin* decomposition of dbf tiled Wales w :e. i »pnd f„„ f !, s ah mp. 
tion nT 0,01 grain per nijiiare f»**«i «<f (sane mii'.ue p*i Loni and i>«r 
calcareous water. 0,01*2!) grain, For wafer n «nf uHsalsg flu- tdfb f.;Ut 
of crystallized chloride of magnesium. 11 *rr* *-i* *ea ua- tMdsp giam j i r 
R(|tmro fool, and for water saturated with chloride of o.dmm, find 
grain; for noa*\vater of densit v, O.tMiT grain, nil j*et apmie So«>i 
of iron surface per hour iusmendon,*' 

Ctirriiniint Ini'rttmil h ( Slrrnn, 

Tho tendency of iron to change »t* pin ■ ul pro|*erti«*>; bv n change 
in the condition under which it umv !«» phired in ordinary Mnu tnial 
work in strikingly shown by the foil owing iiiHtanee (?d, i-u fr»*m / »»»/i- 

A nn mru ... » 


« I 


“Tcnsilo strength, r>4,2d() pounds per square inch; elongation on 
8 inches, 2S.4 per cent; contraction of area, 40.0 per cent. No traces 
of lamination were shown during the test, but some months ajlcr, the 
bar was found in the condition illustrated, which shows that it eon- 



Fici, fit,— Effect of strain on the corrosion of iron. 

Hints of layers nf different chemical composition, those which have 
rusted being eleclroqiosUivo to the other portions of the bar.” 

Iron rivets mid iron plates in some eases show the rivets corroded 
and the plates unaffected, and sometimes the contrary, and so with 
steel rivets and steel plates; also iron rivets in steel plates or stool 
rivets in iron plates nil show the most erratic evidences as regards 
corrosion, in many cases without reference to the character of the 
water used in the boiler or to the external conditions. As a rule, all 
analyst* of the plates, rivets, and other material used in boiler work 
are made from samples as they come from the manufacturer’s hands, 
and before being worked. Itcnee, when corrosion of either plate 
or rivet lias nit meted attention, it is seldom possible to get a sam¬ 
ple of that particular make and lot of rivets to analyze to show 

„1. . . L t , * * 1 t.«a«4%tn * 1 ..Ktolrit l»>il hlf A VWAflrtBOOfl A 1 !* 














to metals altered their structure, rendered them harder in nature, 
and more liable while in their strained condition to bo acted upon by 
nea-water, or other waters, than in their ordinary normal or softer 
condition. The experiments, however, indicate that an increased 
total corrosion, in excess of tins normal corrosibility of the metal, 
occurs in a metallic structure, lrum the action of the local galvanic 
currents which are shown to be induced between strained and un¬ 
strained portions of (he same piece of iron or steel forging, bar, or 
plate. Hence a strain occurring in a metallic structure tends, owing 
to the local galvanic action thus set up, to increase any corrosive 
forces which may be deteriorating the metal of which it is composed.” 

The details of the experiments arm Pieces of iron and mild steel 
of known (diameter were submitted to tension, torsion, and flexure 
strains, to ascertain the changes made in the metal, and if corrosive 
effects were in any manner due to stress, h'or tension, a bar was 
H trail led in a testing machine until an (donga lion was produced of 
23 per cent in three inches, and at the point of reduced aroa the bar 
\va; cut in two. 

The halves were then turned down at the shackle or vise end, 
where they had been subjected to little or no stress, until they had an 
area otpial to the end half at the point where contraction of area had 
occurred, both pieces being finished exactly alike and each piece 
represented a section of strained and unstrained metal. They were 
then placed at the same depth in a saturated solution of common salt to 
approximate the action of sea-water on metal, the immersed ends 
representing strained and unstrained metal. An electrical contact 
made between the two pieces of metal, through the medium of a 
delicate galvanometer (Thomson's), the difference in potential or 
corrosibility could be observed. It was found that in each case 
a sensible current was set up between the two halves of the specimen, 
the stmint'd portion was in every case found to bo the electro-posi¬ 
tive element of I ho pair, corresponding to the zinc in a galvanic 
couple, Indicating clearly that the strained motel was acted upon 
more rapidly by the solution, and more easily corroded than the 
unstrained metal, 

Hie test math* with specimens after being submitted to torsional 


roded linin' rapidlv Iiy lIn 1 sen water. 

This conclusion was further Mippotled h\ l<- {. made with imn 
and steel plali’s, when a Hut pin e \vn > rompuM-d with «<ih* hen I into 
an [' or semi circular trench; tif hm! plan- in each eu. r pnnin^ 
to lit* the otu' most easih acted upon h\ t» h• >dutmu. 

Tiu' e\prrimrnls throw an tnleie-tmr i.pht on u • nhjrrt whit’ll 
has hardly received (he attention it de-.etvr-., and help. to explain 
some ol’ the peeuliarilies in nnniiriioii with thr wa tim: <<t certain 
structures that ha\e hern imulu-d in roir-tdrialdr mv let v, The 
metals operated upon In Mr, Andrew won* lui *«* I!«■< 1 w rourlit- 
irnit liars and hammered wrou^ht iron ■ halt , IU- t-iori l eel mid 
Siemens steel forced shaft-*, aho aria* hut oi ».it and haul 1 h~ M-nter 
and Siemens steel; soft and hard met i«il, and n» 1 made from 
each of (lie metals aluminum, nickel, - tin on, and roppet t.speri- 
itn'ids were also made on mllnl plate* of w lomdu inm. ..ft 1 !r, enter 
and soft and hard Siemens -feel and -ofi t a t it.m l’ht* rhetniral 
compositions and general phv-aejil propertn-. eii *.f all the metals 
are given ami tahulntt'd. \U the un-ini' expeiimmird upon were 
perfectly bright. 

(leueral results: The average eleet toiuot i\ e f*a»»• ol<t aiued he- 
tweeu strained and unstrained portion-* of the -.ame metal were, u/.: 
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in mi! uMf’tuuiu um; luiHuauiuuoivc: torce was nouamy nigner 

than in the tensile, also in the flexure, tests. 

These electric, measurements ought, perhaps, to be regarded as 
tentative indications, establishing a general principle, rather than 
as an absolute measurement for the. purpose of accurate comparison 
of tin* behavior of the various metals. The chemical analysis of 
till the metals was made prior to straining them. These, experiments 
extended from a few seeonds to over ton days, in which it was ob¬ 
served that the difference in the electromotive force between 
strained and unstrained metal steadily declined from the initial 
amount, but. was in no ease extinguished. 

(’orrosimt, or (ho oxidation of substances by chemical action is 
always accompanied by electrical energy, (hat may be of more or less 
inteiisily, nr electromotive force according to the substance con¬ 
sumed. 

('homienl action is probably due to the unbalanced attraction 
among the various molecules of matter lying in juxtaposition, the 
rearrangement of which caused by strain or a change in the thermal 
or electrical conditions of one alum changes them all. It. is known 
that a change in either the thermal or electrical conditions develops 
corrosion in certain rircumstnurt's but. does tail in many other ease's 
of apparently the* same unlure. The amount of electromotive force 
developed in the oxidation of a few substances is indicated in the fl¬ 
owing instances: * 
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The corrosion of ferric bodies results from the decomposition 
of water or air by electrical energy. 

As detailed in diopter 111. atmospheric moisture in tho presence 
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black magnetic or stable oxide ot iron, that tu mauulatt una l articles 
in represented by llio 1 tower-llurlT product , 

I'Ivory pound of iron oxide ivprr>rid< the emu c\ oi 1 Jills pt aind 
of coal required for its formation. 'Ihi** m l n-quim- JiiiTd pound 
of Wider In furnish llio Herein r\ o\\ eon. A pound ot u«ni oxide 
represents llie corrosion of Id.Id opiate tori oi metallic non iueh 

in thickness and has developed liid.’Jdd H. I. t ml.' (.(Hill il 1’,), 

1 1 t i 

Nit. (*!,.„.... ’ • - . ' 1 


joi 4 eu 
X. or Hu. 

an, uk list v 
uei. 

: «», 


l 


H.m 


* -j 

R(», t it i* J, 


ti', nil. »• 

Kin. f)2, I >iugrnm of the eiaroMhilit v of inrlaht, 


or oqliul to an eleclrniuntive foree of 1.00, to UrtitsaU/.e Which Would 
require the oxidation of „S J7 pound of /iue, 

111 all of these oxidations tin* thermal mnnifmtutioin are -mbntdb 
mite, and, with tin* electrical energy being of low potential, when they 
exti'inl over any considerahle period, are uureeopni/ed or diila uli to 
(letemiiue. 

'Phe afltnilv of oxygen for hydrogen represent, «. »n elect lumofi\e 
force of 1.47 volt. The deroutposit ton of wider acidulated h\ std 
plume ucid yields at the cathode 11,12 part*! of h\ »lr«»geu and id the 
anode NS. IN purls of oxygen; about 1 per eetd of o/ui»r I wing hmaed 
from the oxygen. 

The decomposition of 1 pound of zinc for the protection from 
corrosion of murine boilers or other like ferric bodies evolv e*> us ju cubic 



H. T. Uinta. 


Horne-power. 


Hnirc's battery. 

Daniels's (HislplinU 1 of cupper) battery, 
(trove's ur Bunsen's (.nitric acid) " 
Bettendorf s (cbruutie acid) “ 

Hulphiirie n<*c«i (l in U parts of water).. 


000 

.till) 

2722.1 

2N27.5 

300(1 


0.35 
0.55 
!.()(> 
] .14 
.1.17 


All losses I'rum resisUUKT. being excluded. 


A scries of experiments covering several yeans, upon the corrosi- 
bility of metals, 1ms been made at the University of Wisconsin, under 
tlu* supervision of Prof. Dugald U. Jackson. 

Prof. Jackson, in the discussion of paper No. 901, “Protection 
of Pome Struetures,” * referred to flte results of his experiments, 
from which I briefly ((note: "When a piece, of iron or steel is placed 
in a testing machine and its electrical condition is followed up during 
the straining test, //« eorrasihility ajipears to increase practically in 
proportion o'ilh the strain, so that a diagram plotte.il with stress along 
one coordinate and eorrosibilily along the other appears to be of 
almost exactly similar character to a diagram plotted with stress 
and strain along the two axes of coordinates. 

"Two Illustrations of these diagrams are presented, Figs. 53 and 
54, from lest pieces of wrought iron 

"In tin 1 ease of east, it on Fig. 55 shows the Htross-oorrosibility 
diagrams for (wo specimens in tension. A comparison of these dia¬ 
grams with I la we for wrought iron in tension, illustrated in Figs. 53 
and 54, shows tlie marked difference between the two metals. Jog. 56 
shows a stress-rorrosibiHly diagram for cast iron in compression. 
The exact forms of the diagrams taken from cast, iron depend in some 
degree on the physical character of the specimens, lmt the diagrams 
shown are typical out's. The effect of strain is small in the case of cast 
iron. 

" 'Phe eorrosibility of the specimens was measured by determining 
the electromotive forces of the lest pieces toward a standard electrode 
in a normal solution. 

" 'Hte results of the tests show that in bridge members and 
similar pieces 11mt have been worked, the metal appears to be easily 
affected by corrosion, this corrosion being properly characterized as 
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away nun i,ne unstrained metal is not. 

I ho experiments give a satislactory explanation of much of the 
so-called grooving in boilers and corrosion of a similar character. Here 
the sliainod metal of a punched boiler plate that is not completely 
covered by a rivet-head becomes eaten away. Or perhaps a plate 
becomes stiained at a joint by temperature stresses and the strained 



C orrtiwtilllo Hi arbitrary uniu. 


Onmmlblllty In arbitrary units. 


Irio, fi/5. --HtresH-ctimiHihUity diaper num for past iron. 

streak is corroded. In each ease the strained metal is of greater corrosi- 
t>iliti /, and it acts as one of the plates of an electric battery in which 
the other plate of the battery is the unstrained metal of the boiler 
shell, ami the electrolyte is the water within the boiler. The strained 
metal is the electrode* which corresponds to the zinc of the ordinary 
voltaic cell, am! it is eaten away. 

" Another illustration of corrosion of this character is the so-called 
(bv bridge engineers) Cooper’s lines, which fire often evidenced in 
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ol corrosion. 

“ ll is also (.run Uml. metals which do not change their physical 
characteristics when strained, apparently do not materially change 
in corrosihilily us the result of strain. Thus if lead is stretched, its 
corrosihility does not appreciably increase. The. same is true to a 
cerlaiu degree of brass mid copper, lug. 54 represents a stress- 
eorrosibilily diagram for hard-drawn copper. The same is true also, 
to a limited degree, of very soft, iron, but as even the softest iron 
does harden suwowhut when strained, its corrosihility is somewhat 
a (Teel ('d by strain." 

An experimental study of the corrosion of iron and steel under 
different conditions has been made by Mr. Curl llamlmchen, H.Sc.* 
These experiments were conducted on the lines of those of Mr. Thomas 
Andrews, K.lt.S., hereinbefore* given, “on the effect of strain on the 
onrrosihility of metal." 

Ilambuchen’s apparatus and method of testing, and tho checks 
and precautions against errors, imperially in obtaining the value of 
tin* electromotive force, were superior to those heretofore employed 
by experimenters, and tin* results are more in accordance with the 
practical experience of tin* present day. 

A hindrance to experimental investigation of the corrosion of metal 
is tin* length of lime required to produce measurable results. Iiam- 
lmeheii took advantage of the fuel, that corrosion 1 icing developed 
by an electric current flowing from the ferric body to the electrolyte, 
the rule of corrosion could be greatly increased by causing a current 
generated externally to flow from the metal as an anode, thus causing 
llu* eurrushm to occur under what may lie termed exaggerated or 
intense conditions, the metal being corroded as much in a few hours 
as it would be in as many years by exposure to the weather; the 
resultants being practically the same as the effects produced by 
ordinary corrosion. 

The losses in weight from corrosion in different irons, steels, and 
other metals, under strain, from nil to breakage, are tabulated, also 
the loss in weight of metal per ampere hour, and the electromotive 
force developed at various points of the strain. 

Normal solutions of ammonium chloride, ammonium sulphate, 


(*KV \ ml V K inr m \i i mmo* ** »•»*«'« *«** «* 1 **< n f *r m tu 

tin 1 met.*il in tin* different solution*. \\n- prarfirulh ihr- .um\ and thut 
whether (lu 1 suits were sulphates. ml rate , or diko ah did *inl mated 
ally affect (in- nvt<> of rum»>mn. 'flu- amprtr hom mtu-d hum 11 
In I,*h0 nml 1 hr exposure.- Inun lU.d in 'J i hom- 

lllleivstilltf furls Uric dr\ eloped dio\\ mr f hr \utmhlr nature 
of “pitting” in inihl strri exposed U* d(Hrt ml • olu? u <ir l ir-. oS 
mid ()| show u round pit tine a- fhr tr-ult o! flu- iiurn • •luusn rhluiidr; 
mi elongated pilling result^ trum (hr amnuoiimm * ulpfmtr. and a 
morr uniform corrosion fmm a pi <1 a- - nun nil rale oluf am in ihr 
CHS I-iron sprcimrlis, l* i>r. oi I, (hr mn'ir am roie t-inl *4 a «41 ruihotia 
r.rous umtrriul, which grttrialh mihrird \m turnU In thr Mature 
of the* iron. In rusr (hr current driruiv ua > miin d law oml U U2d 
amperes pri* square inch, ihis soft mainial would rpatalr iimii thr 
iron uftrr iillniuin^ a rrriuiu thieknr The Pomatum <4 tin- iavri 
must olTri' soliir resistance (n (hr ilmv of (hr no rent, ami (hrlrtulr 
protects i( to a certain dearer, < hy in ufln i woid-, a m\rn potential 
dilTerenee hr (worn an imu pipe and a i uilwn\ hmi would ran r ir 
flow if till' pipe thus mated Were ru-t imu. (halt ii il «nr w mnrht 
iron, which would quickly reveal it- wrukne-- In (hr dilh irtu chat 
urtrr of thr corn idl'd roatinr.. ihil with a p.'tu-u an ntmt t4 runout 
flowing from normal cast imn and umuyht imu. (hr mi m-ioti i- 
nrnrly equal in amount in (hr tvm, 

11 was noticed in the rase of thr ra-4 imn anode- (hat thrir \\,r. 
n lihi'ratioii of jjas durtiiit thr ptorrv. of mim-ion That (hi-, ujo 
not duo to thr flow of (hr \ uncut ws- shown In intei i upline (hr 
rurrrul, (hr lihrratioii of thr (jas roiif inuine f « •( Miliir ftior ultci. 
Tilt' nature of thr gas was not determined, imi of what tiu- artioit 
roiisisli'd. 

If tlu' current, density was not excessive, thr iron did m4 undrifo 
any material eimup;e in appearance, men though subjected to (he 
ai'tion of tin 1 current for a louts time. But although (hr rmnai form 
mid outward appeanuiei* of (lie ras( imn temaine.i (he s-nie, the 
fact- (hat- its strueture had lieen malerialU aiteied wa- du*\\n in 
cutting it. 1 he east iron was found to 1«* softened to a rnluin 

deptli, (hi' material removed having the appearance of hue imn 


hu iii is snow n ny eigs. .>,> oi ami on m comparison with tlic polished 
plains <>i’ llm same medal. 

('hanging (lie' crystalline structure of steal by annealing, hardening, 
and burning, causes 11 u' amount of corrosion to vary, as is noted in 
(.lie tables mi pages .‘i(ili dtil. The amount of corrosion per ampere 
hour of the hardened sleel is considerably less than that of the 
annealed or burned steel. 

This is an apparent discrepancy with other data and observa¬ 
tions in regard to strained metal being the most subject to corro¬ 
sion. Hardened steel, being necessarily under a highly strained 
condition, should have shown greater corrosibility than the annealed 
or burned specimens. That it did not is owing to the fact that the 
high tension between (lie particles held them in place until they 
were severally corroded entirely away. In (lie burned or annealed 
sleel llit' particles, when only partially corroded, were loosened in 
(heir bond to each other, and east, from the mass before being entirely 
corroded. The pitting of the annealed steel, Fig. (Hi, the composi¬ 
tion of which is similar to (lmt of sheet iron, Fig. 72, shows a greater 
eom»ibilily than the hardened steel, due to the above reason. 

The small percentage of carbon and other impurities in (he steel 
would not aeeoiud for the corrugations in the bunted and hardened 
steel, shown by the figures. It would lit' unreasonable to suppose 
that the impurities fir carbon could be regularly distributed as indi¬ 
cated bv the corrugations; they must lie dm* to lines of strain in the 
metal that corrosion developed. 

The metals that are electro-positive to iron and stool are magne¬ 
sium, aluminum. /.ine and cadmium; while lead, antimony, tin, copper, 
silver, carbon, manganese, and some of the metallic oxides, arc 
electro negative to ferric bodies. 

TeM plate- of clean, bright wrought iron, east iron, and steel 
w<<ro diilled and the several holes plugged with one of the above 
metals. The plates were then plaeed In sand saturated with ammo¬ 
nium chloride and other corrosive solutions, and after a short expo¬ 
sure were evuiuiued ! all the plates in which tlit* electro-positive metal 
plugs were placed were found dean and bright, while the plugs were 
more or less g„rrodi*d. In the other set of plates the surfaces were 
II 1 M it... > .1 • »d*.» 1# if It ff/w.f wl Tn the i lotos fitter 


HUUiceH, me cm mil- iimvni inmi MIC ] utiie* me fti'iuiiuii uuu mu 
plates wore corroded. 

The c.( me lit ii it ih of electrolytic corrosion apply t«« in* * »f the 
metallic oxides as well as In tlit* metal*. nii* 1 nt«« developed in !k 1 11 1 ; 
1. AVI ion two or more conduct ing wibsituirc*« are in contact with mi 
olool roly to. 2. Whenever there in any tlifTt-miu-t- of clictncal pun n- 
(ial between Huelt bodies. When n suitable connedion l*ct\\cen the 
conducting substances furnishes a |nttli for tin* (low of ihr emtent 
All of these conditions arc present in the deca\ of paint routing* 
as well an (ho corrosion of iron and steel, The elect rob te rumdstH of 
moisture in any form, and may be acidulated saline, * t fo 

Iron and steel roa novor pure or Itntungeneou*. tl»r\ contain 
upon their surfaces many substance*, such a* cnrl«»n. ginphile, mill- 
scale, and particles of metal and oxide*. The Uulv of tin* metal 
may be formed from wrap iron of diiferent imhimt, and the heat 
of fusion seldom renders the muss hotuogenmtir*, 

In cast-iron and steel, in their many pron****** of nuutnfad ure, then* 
arc many irregular zone* of density and put it > each of «inch )m > it.* own 
potential. Between all of these differently charged t»<»die* it current of 
electricity is set up, the circuit being completed through f hr electn ih tr, 
Tliis ('lectric current (lowing from the metal to the elect mb te 
will cauHe corrosion of the metal, which may la* gennal over the 
wliolc surface of it, or he localize! in spots, according to if* composi¬ 
tion, which is a(Tcct(*d by local disturbances, such a* tveld . stinins, 
annealing, burning, and hardening, or the presence of foreign sub- 
stances. Some peculiar eases of corrosion can be explained t»v nwer* 
tnining if the metal has been subjected to some of these influences, 
that otherwise would la* classed as mvstetiou*. 

Mr. Ilatulmcheu, in order to draw a roitipnriwm lw*?wrrti elect m- 
lytic corrosion and ordinary corrosion, iiiimrmd s]n*cimeuH similar 
to those exposed to electrolytic action in a tank containing n normal 
solution of ammonium chloride, and left them umjbfnr!«*d for four 
months. The results obtained showed that the amount and character 
of corrosion depend upon the tpmlky of the metal, and confirmed tin* 
conclusion derived from electrolytic corrosion. The timeof e\jHt*ure of 

these specimens was, however, ton short to develop unv marked pitting* 
IMS K/OHIntHlm „nv..o. .e . • . i , » „« 
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u‘lill which arc similar t.n those produced by corrosion under ordinary 

oiiditious. 

In many if not all cases the character and rapidity of ordinary 
urrosion of iron and steel depend upon their physical and chemical 
iroperlics, and the galvanic action due to differences in potent al 
H'tweeu different parts of flu* metal. 

The application of stress to metals causes an increase in chemical 
u'tivily. this increase* being especially marked after the elastic limit 
s reached. 

It is possible to plot a curve showing the relation of electromotive 
orce to strain, which is similar to that of stress to strain. 

There is a definite relation between the electrical potential of 
mv motnl toward an electrolyte ami the amount of energy stored up 
n the metal through the application of stress. If is evident that the 
induction of ferric structures from corrosion requires their removal 
.’mm electrolytic influences. 

'Phe several specimens subjected (o different conditions of corro- 
4on were all taken from the same bar or sheet to facilitate comparison. 

'Phe following tables an* means of a few of the separate results 
given by Mr. llnmhuehen: 

Table allowing the lu^dii weight of iron mid stool used as anodes, immersod in 
a Hululiou <>t uumtotthuu ehlornh* mid exposed to flu* action of an elc( trie current 
nl varying iten*i»ira utul tiuie. 

Mniertut met (‘otehttna of Stufaen. 

Altliealial alerl. Jtoti^tied..• • - 

•• " with m’ ale, ...... 

I lardelietl Jilerl, jn>h«lied, . 

” " with wale 

Steel latrianl, not hardened or pel 

Steel burned, uni hardened with wale 
Steel latrued, hardened, and jHiliuhed 
Cn»t iron, jmtb la-d . . ■ • 

«* «• wale partly n-inoVril . 

Sheet iron. |*«*h»h« tl ... 

«* " Wide partly removed, . . 
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KMOCTItOliVsts OF t \ imUnie U \ !> MI I’ \l». 

PtioK. I'lmviN .1. Ilni'sTuN detim'-i elect nd\ ii u.h chemical 
decomposition effected by mentis of nti electric current | I hut is, 
tlio source of elec truly tic corrosion, lie-. in the irleu.-c «»J an atom <»f 
oxygen from any moisture ami im im.fnntauruus euiubmntiuu with 
any iron it. t‘nn seize upon." 

Prof, 1). (!. Jackson (ruiversity of Wisconsin! dehors its action; 
,f Iti an electrolytic cell with iron elect r» »le Imv me au\ t or nulls 
of alkaline metals or cart its in solution in t he elect n «U te. the salt * art* 
decomposed, their acid radical-* at tacking the anode, lur.nuu' an 
iron salt. 

A proof of this theory is found in the aloragr but ir! \, in the charg¬ 
ing of which a targe current is din-hniced a tend plate into uu 

olec.trolvte consisting of dilute sulphuric acid In a -.{oinre batterv 
the oxidation of doth plates lake-* place but the r<-.t «.\«dr i.f lead 
formed is very different in character bom the inn.-nr effects of un 
electric current on an under}'round lend pipe " 

* “There is nothing mysterious about tin* cur.. i..n of tuetnh by 
electrical eurrents. Its action is precisely similar t«» ilmf empim,ni 
by electro-platers in their art, Two plates of n.etid plnerd in nnv 
material, whether damp earth or the solution % at »4 <m dri tin> 
plating apparatus, a current of elect rh-al eiu-a-i «dl be in touted 
from one plate to another and the plate »»i object is.»m «hu h the 
etirrenl flows will be eurruded, The current w til make u • own elec¬ 
tion tus to its course and the hndv to iw attacked In the • a* e of 
metals buried in earth or water. the elect rob tic action p, », n f «4 a*ht 
and probably out of mind, hut none the less present and uncont roiia- 
ble; while in the plating hath it P in sight am! o.j.ttollable more 
or loss, at the will of tlie attendant In the «•»*»* ».! high %oli« r e and 
largo ampere currents returning to their source «.f generation, it i* 


current will divide uud return U> its source iu the direct ratio of their 
conducting capacity, whatever these conductors may be. Even 
with large uud well bonded metal return conductors buried in the earth 
or in conduits, .some of (he current will invariably pass by way of the 
earth ami reach any outlying metallic bodies. The low voltage of .001 
to .01 and the amount of amperes will determine the rate of corrosive 
effect in all metal in their course.'* 

'Hie advent of the steel building almost simultaneous with the 
introduelion of llit* d\namu, has added not another form of corrosion, 
but a new held for its development and a new danger. 

The prineipal part of the metal in steel frame structures is so 
embedded in masonry as to render inspection of its condition almost 
impossible, The pipe systems are more aecessible, but arc never¬ 
theless at all times a ready prey for electrolysis. 

Three hundred horse power of electrical energy arc not uncom¬ 
mon installations for light uud power in out* building. Whether led 
in from the ottwde, or generated in the building does not ohungo 
the effeet, which is to disturb the normal electrical conditions of all 
metals In the immediate neighborhood and iu many cases those far 
distant. 

In the return of this energy from its work to its generating source, 
if the pathway is not made perfectly free by tin* use of a conductor of 
adequate si n*, or if it In* of such a length as to render a shorter and 
better eireuit through other objects possible, then the current will 
jump the line whuliv or iu part, t hi the new mute, wherever it leaves 
the metal, another jump will occur, and tin* metal will la* corroded at 
that place, utni not where the energy entered. There is always 
moisture enough iu any building to aiTonl adequate oxygen for the 
com tsiuu. 

in the *4n*l frame work of the building, the electrolysis will he at 
the* fool of the columns nearest to the least resisting pathway of the 
current. geueralK at u point impossible In locate or inspect, and 
with moisture in excess to make a good cross-cut and dangerous 
circuit. 

In the iron pij«*s then* usually will la* a jump at every joint, if it is 

__l.. I... it... I. .....A 1 . In* <1 lit*,I ninth* method 
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have boon found to bo Hut cause of a jump ruim-imt, particularly 
if aided by the presence uf dump dirt or other atih.Muuee*. 

A voltage of IKS maintains an arc of one inch in an electric art- 
light, and requires I 1J.P. of elortric energy, uud hmrtecn 
leon-eandle-power ineandesrenl. lamps rc|»n*M-nt the Mum- amount 
of energy. It in not infrequent to lind uu utc light or iwenn or 
more incandescent lights, or un equi\ulent eneig\ tiom small nuitoru 
connected to the pipe systems t»r the steel frame t.f the building. 
The effect of Uicho Htrong current* K to m-i up u cotrohioti in the steel 
at Homo point where the current in interrupted on it* letum to the 
dynamo. 

Under Homo one of their ninny de\ rlopment*. induced currents 
are .strong enough to corrode metal, even if the main ciuient m tetum 
current wires art- adequate f*»r their duty. I <■►». than ,tKi,'» \• »lt rUnh- 
lishes eleelrulysis, the amount of which ix in projmrlioii to the amj teres 
present and not to the voltage. 

Protection from (he effects of the jump of the i uncut, p:n liruhiih 
in the lower purls of a steel frame, »•* reiidei ed mme tim e! lam. by 
reason of the disturbing action of electiit- «uncut bom ndy-ming 
Htniret-s of generation. These cmreut • hudtug then h Ihiu t«. their 
source of generation olixt nu-ted from »sn * au e, (t>nu a ;h»»if nr 
easier circuit (hut often Ur* thtoiigh anothn d\munoV q these of 
act inti. They invade its field ami dbanange a nhuu oiiunf % Uciu 
that, at first might have bix-n adequate f»»i duH . but j* n».j able 
to witlistnnd cum-nts from its Height «*t »>l mb- equ«-ni tu tallahois 

Twenty or more of these elect rim! im-talhiimn- «.t ditK nul (briee* 
of voltage, ampere, and work, me often pho«d «athm a o>m|<;un- 
lively small area. Many of these have l*r**ss bmod t*» him- a ntuiu 
wire system of inadequate »t/e or of fault % m**ilu» j-*u, and all «*f them 
Huhjt'et to a wide range of lluetuntiou in rs»«-ig* dm- !.* fh»- t.msiig 
character of their aeparate w»uk With the-;*- uJbn-n.»-» *,»f n.uk at 
nearly all hours, it may Ik* coutideutK that tin- stem fntnrc 

will reveal some large and dangerous e\i»mj.!c.' >4 *■•»!m ■ n-r! 


some lhree-1 mirths ol a mile distant, This branch of science so 
closely associated with tin* daily needs and welfare of mankind 
was paralyzed by the culpable indifference, of a corporation to the 
requirements of science. It took an Act of Congress, carrying the 
imp*isilioii of a heavy line to stop the nuisance. The Act not only 
prohibited the use of any underground water- or gas-pipes as means 
for returning the trolley line currents to the power house, but also, 
forbade the connection «»f either pole ol a railway dynamo in any 
direct manner with the earth. 

Paints furnish neither re uedy nor protection from electrolysis. 
Paints under catchy na ties art* extensively advertised us being elec¬ 
trically inert, or insulating in ehureter. Such names ami state¬ 
ments are misleading and unreliable. .No paint whose pigment is 
an oxide and again reducible by heat to a metal, is non-electric or 
passive to electrical inUueures in any degree beyond that due to 
tin* difference between the oxide and its metal, generally about f>0 per 
cent, but is never ml. 

Lampblack and graphitic carbon arc the only pigments that are 
purtiullv non elect tic, and even wit It the list' of these in a paint, the 
coating as an herniating substance is governed by the vehicle. The 
veldt lt*s eoutainmg the resins, fossil gums ami refined bitumen and 
combined hv heat into a varnish, art* the best for non-electric paints. 
It is quite unu-mul to find them in use on account of their cost., while 
the cheaper grades of resins and resiu-oils used in the vehicle are 
nitlv insulating up to a certain percentage, when they become con¬ 
ductors. 

All of the vitreous class of pigments, such as slags, hard-burnt 
brick, tiles and date, are conductors in their pulverized form, and 
UHitullv act in a paint us the negative electrode to concentrate the 
electrical energy tqwut tlie rover**d ferric Itodv. The thin coaling of 
the vehiele, , „ to s J, i( inch in thickness, is not resistant enough 

to but purtiullv herniate the pigment, however effective the vehicle 
may la* in muss or in heavier routings that could not be applied cold 
with a brush 

KleetrulvMH inaugurated lament It such coalings, generally throws 
them off, **r they art as a mask t** {’unreal its ravages; while inferior 



1900, Willi the loss oi life of two person.*-. and the injiu > u! fourteen 
others. The stand-pipo was 00 foot a\\a\ I rum flu* other .-.land pijurs, 
ami more limn a mile away from tin* power station. 1 j», 7:5 
sonls a sample of a stool shirt from I hr stand pipe, how j} it . j,j { _ 
ting in Iho shout arouml the edge* of thr mot heads. TI10 **\amum- 



1'to. 7tf, i’iltillg uf it re! ! 'il'imt Mir* l sl S! ti< 

tiori of Ihi' wreck of tin* stand pipe showed that th«- «}>.,!«• umrt =ur- 
faci' of Mil' vortical shell appeami to hr thirhh ...i.-o d %%iih l.htorx 
ri'semblmg in outward aj>|teamnre flu* tubriv uh r *. >.< «i o<* t not (imiimI 
inside of old cast iron mains 

A similar stand’plpo on tin* hast !Ilutf w a** drained and »ir- f<mud 
to ho similarly pitted, 'Phis hindered n>\rriny. w ho h « a alsniot 
as thin as paper, was rompowl enfirrh of «»%s f j»- >4 ®g,, 1 4 ; ,nd ,»n 
brushing it away tin* black paint with whi.h ihr ..uurl pipe I«i„l Im, 
originally muted was found heite«tl« it The paint »,r= >4i»-ninnr% 
almost mdirokon, or, at least, wn dtyiuh rr„.-Ud \\ h, n the 

* I’Accrpts fmm '*Kl»Ttrnlv«u»«<f t'uti> r{.'rn);o<! »,»»«•:» ■ \ ;< i|»r 

rend by Mr. Marney It. Matin', (luot r *4 tl»„- | , ...» 5 „ ill t 

Ix'fnre the Aineriea Wi ii^r \V»,rLtt 4 * .. „.„ % . 
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hi.hi l UOL\ SIS OF TIIH PFOIUA STAND-PIPE. 

pniut was brushed off (he pit would 1, 0 disclosed, considerably 
Hiunllcr in mva than the surface covered by the blister. The surface 
of tlu* metal in the pit was perfectly bright and dean and its fibre 
was dearly discernible.. .Many of these pits wore more, than J inch 
in depth, ’they were slightly more numerous in the West Bluff stand¬ 
pipe than in the blast Bluff stand-pipe, and were in both generally 
larger and deeper on the lower courses of the vertical shell. 

Theeleetrieul examination relative to t he stand-pipes was conducted 
mainly at the blast Bluff stand-pipe, which was still in service. 
A flow of a part of the current from the railway-line was clearly traced 
through the earth to the auehor bolts which held the stand-pipe to its 
foundation, as shown in big. 71, up these holts and into the steel of 
the shell, and through the shell and from its inner surface to the 
projecting section of the 10 inch (hinged cast-iron pipe whieh served 
as both inlet and outlet, and wliielt eonueeted the stand-pipe to the 
water mains, ’bite current was then traced along this pipe and 
along the mains to the power station. The delleelioim of the 
volt-metre needle were dearly trunsl In the railway eurrent, being 
espeeiullv influenced h\ the ears on the line beyond the stand-pipe., 
and when the ears stopped running at night, the movement of the 
needle reused. Where the current left the inner surfaee of the shell 
to jurns through the wafer to the inlet pipe it made the pits already 
described, 

big. 7* shows the interior surfaces of three seefions of this inlet 
pipe, marked J. It, and t respectively, the positions occupied by 
these sections origiimlh being shown by the let Bern /I, It, and din 
Fig. 71 An examination showed that strongly marked and numer¬ 
ous pits were inside the sections J and II, while the inner surface of 
the .see! ion i" was prnetirnlh n® smooth ami perfect as though new. 
When the condition of the iis-idr of these three sections of pipe was 
first noted. it wn.s hard to understand why .1 and H should be pitted, 
while t* unaffected A closer examination, however, showed 

that in the flanged joint > betwi-eu tin* bottom sheet of the stand-pipe 
and .1 and It. respectivrlv. corrugated copper gaskets were used, 








<>\i(h' oil the iiiMtli* of tin* pipes urountl the joint, between B and C, 
in <>r*h'r b» continue on its journey. As the current, was not, leaving 
r. this pipe uns no! injured, hut (he current, in leaving the inner 
surfaces of .1 and //, did pit them, us shown in the photograph. 

The experiments conducted since the destruction of tills stand-pipe 
have determined that no manner of packing (he joints in an under¬ 
ground east iron water or gas pipe line alTecls, only in a small degree, 
the difference in potential between the two ends or the connected 
pipes. Whether tin- joints were well or poorly calked, the pipes 
emptv and d i \, *u lull oj wafer, clear or muddy, with scale on the 
pipe or clean surf sired. the drop of potential around the joint only 
vatied tiom UUl la to thtHls volt, and the general average resistance 
of the joints win about IH» per cent of the resist an re of the whole line 
of pipe, mid the reliance of the joints increased with age. 
Pitting was ulwn\» olmeru* I where the shunt of the electric current 



t io 7*5 J‘.In-trott in nl pu hug* mi mrii **n»i mm water-main, (Current 

Stott tt>(t fn»«i ,1 to /S.i 

li*tt the metal to Jlow nromid the joint, mid this corrosive action was 
marked upon the tmidr ruirfaer-* of the pipw as upon the external 
surfaces; but from the renditions could not be observed. 
Wrought iron pipe-, joined hv the usual screw-thread au<l thimble 
eonsieetiou-i were almost as universally at larked by electrolytic. 

n '( It fl I l lit* lift I ■» i if I }t>< i<nnt hit liiiunf Tl tit tlHfU nr in) 







sendee pipe*, tor water anil gu>, luiil in a light, sandy soil. The 
water sendee pipes eorroded in seven years,so as toured renewal, and 
the ga.-- sendee ha<l ubim-d eompletely disappeared at the end of 
ten sear*. 

Aimlv d-i **i the soil dt-elmod the presence of common salt, mag¬ 
nesium ehloride, ir«*n, ithumott. fsiliru, lime, and pnsphutos. Tint town 
where the pipes were laid hud itu system of sewers, and during the 
.summer sea-..m tlie -dreels were ilitily watered, and as llie streets were 
level the Witter w?r> pmeklv absorbed. Tin* subsoil in which the pipes 
were laid was p<u<*m ititd idterimted from dry to thunp, 

( ari«*oie ueid uses generated from the chemieal action of the 
soil iii id itltneked the pipes us *dnted. The trouble was con fined to 
the w rolled it ir.m -rn ire pipes; the east-iron pipe-mains to w'hicli 
(he sen iee pipe-, were eonneeted were nut a fleeted in any noticeable 
decree. Similar pipe sen ices hud in neighboring (owns wiiero the 
soil inn of a dee. imposed grand e nature were eompanitively unin¬ 
jured after n pet iod of tweiiH even years. 

Salt or lime in urn ^>t! tu whieh pipi*« art* laid neccwarily prove 
act i\ e aci ni - s«> pro-note eorrodou, ns they are hygroscopie in nature; 
and it" alkaline »d» d.iiiee. are nho present in I In* form of ashes and 
eo>il em< let a tln-i n»-ai!i al w at ■* are in the soil of towns, the life of 
all wnundn u.«o u*uk leiried in it will he very short, even with 
the u mil nod*- e»-ul t .u routing*, t ‘lay puddle a round such pipes 
prove*. a pood jdotn ii«<u u .-4 pipes so prutectnl have been found 
pra* lie.ilh mi i**ded nt?«•» j*.ri v \ ears. 

Mt t hu V\ s,vi,-ian of the Ibivhm, Ohio, Wafer De¬ 

part mmi . re]..<it tlj.si ?In- rad iron water-mains laid in 1 SOI 
were found in 1 * MH * o (.'lentil alfeeted hv eeetrolvsis us to endanger 
the wafer '-.uppl-, of iS«- tdu<ie eif \. \ eltagisi of -l.fi were found ill 

lliam J «atf ■■ of I hr 3 >i| >e =•■*. '-a rm 

The Viiim.d IT-;* <t t <4 iln* Water 1 department shows that in 1899 
"i?‘i feet o( li m.dj pipe and 'if5 fret of I iueh pipe were abandoned on 
Rl-eolUit ol eSee! |oH i- 

Mr U..»e fepi.rt-i sfmi its ls‘W over 19.000 find of the w'atcr- 
pipe’i from 1 to III imTe-i its diameter were so seriously corroded by 
rlrrfroh d. from flu* trollri line eurreiits, that in some eases over 



the electric current used to drive the tit rur* «;!■' i.timti to p ;i 
through (.lit! pipes and only # l » passed l>y the stive! rad mi it % return 
to the dynamo. 

h'ig. 7.S shows the electrolysis of a l-iiteh ca4 iron water pipe at 
Reading, Pa. 










sL the pressure til llu* wuler uneii it ua «»\n Ljn pound •. Hu, H 
Lvf tic. I ion Upon hunt is ol tuirie \, ».< uietaShr had ha.> lurii 
,1 |y considered electro pusdu*, and i • tj nl Im 11st- outer in.adat- 
verinp; lot* tlu' mbit's in till undein«'tmd conduit . hn inr 
g an< 1 power, 

l|(>|)url. of the Hoard ol (‘oninu.vuoiiii . oj ! .ii-m sen! .sulovu\s 
Ivn, N. Y., ISO 11 slate-'* (lull ueatlv HIM* iml« * o| Jrad l oan'd 
ant'ealties were rendered ir-cle ., In eh e!i<d\ , t Horn (in- ti.illev 
1 ,h in that year. Many eases t»l eoit..,|ou u« n- i«.nn«l niim- 
»tl ruble was incased in pilrlt and other m nlatuu* ron.pounds. 

. A, A. Knudson, K.K., report un* th«* eleritoh -.j i oi n Is }|„ii 
A'V water-.nain in the eit\ o| t'aitd»tidr«, , i«-und \oj 

if 2"), and atnperage.H ol .'ll) .»!) M) and Was iu;iia j«.»»{,, *„! the 
, it|)ply system. 

SO, ICIertrolysis of a U ineh east itnti w.it»-s j.g|at {*t«,\s. 

|{. I, '1'he pipe was \ meh tliiek when hud and bad l«vn m 
1 Hevt'ii years. 



10. HO. KWtinlv •it'i uf n f> ilsrh rmil Stmi |<ij*■ |‘?. • .>!< *- ■ , I 

SI shows the elect lob *h> in s.is*- rod »d a - \ ,r a 

n IwilV hrldeo nt Pn.vulco. i- If I ... . o , * 
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under the law of divided currents, would invariably leave the rails 
and seek another source of return through near-by metal. The 
smallest measure of difference in potential between two metallic 
bodies was sufficient to produce and maintain electrolysis in one 
of them.” 



Fig. 81 .—Electrolysis of a steel bridge truss. 

Dr. Leybold’s paper, “Electrolysis of Gas-pipes,”* states: “The 
pipes when laid were protected with canvas soaked in boiled coal- 
gas tar, and the destruction of the pipes was more rapid than where 
they were laid without the canvas coating. New pipes laid with 
canvas and tar coatings to replace the old ones were perforated into 


holes in seven to' eight months.” . . ^ 

The annual report of Mr. Wm. Jackson, City Engineer of Boston, 














Kin. *2 K\trriiif »<f !* !»>}**»« ■! 1 sj s.- c’ < l.j SI! 

f(>r K«M, fttr II JUTton! of |r»| Vl'ilfi n .% * .IMHKI f 5, j ^f. t 

1SU1 to lSi)5 jiviTiiisimI tHu unlit..u, >4 » • 4<t, s« » * |« • 

Till* BruukUtl t Itiuli I til- t *<a]li|<:|],'. \ \ h-i 

7 CJH UsiltN Ilf t'jpultluiun ,,( fill 41 /.-! iiu t '/Mi 1, ll, i V 5 ».» 11t , u 

rtorviee-jiijieM, Tin* hitler mei their . s u- s -,u ; »..• I.;,„Slv 

corroilcil wherever unr.»u*r«*! h.r « \a’uiu.%*z >•., ! h-, u..\- ■ t- b.iin 

stray electrical current'* j i nunnfe-t u. <• »» . . I Ln 1 s -nrht 

service pipe* iu out' street ! 4 **rL ««•!,- ... i . 3 t.-?, ’ : u . ihne 

years. Tin* i‘iu*t-iron main* >ir«- r«-j«•»**--t t.. ., • , •.«”!, a:. r.«.»l 

ot uu lit it »ii ho far an i*Iim‘|Ii«Si tu* nett- -u j • »i« » » • . 5 » s*. u-%\ 

CUNI*S iu wlml 1H eitllnl 'Hu- .|,inm *<ti- 4 s *! - ! 3 , 3;. | in- 

vicinity of the elect He M uti**n 5*. o«,«-s 

Tin’ loss of |»ip« fnnu 2»!l of i}»e *mn»-r^i...u3 \ ■. , «* u.-i a, t , iu 
in IMIS) miiouutisl to lit per r.-ut ,,{ IK,.- ,, t ,on 



t’lirn»di*d au rxh'iil flint lhi* whole pipodme hiul deteriorated 

",0 per rent in Initr ><*nr,x Tlir voltage iu this line was from 2 to 1) 
piisit ive. At a \i*ttaveraging 1,.», a li-inch pipe beentno usdesn 


in livi* vmix 











Jntim i» v »» v »»»•*^ ,w -' 

Iron and steel bodies e\poM‘d t* » condition*. dmiiar to bridge 
anchorage metal have boon found budlv corroded within a few yearn 
after being ] dartsl in position, and there c* ia» tea on to infer llint 
any bridge anchorage wilt la* an exception. 

The* rain of corrosion from natural rail s* ba > been fairlv deter¬ 
mined. In anchorage work this will b«* im rea *ed b\ am electrical 
currents that may reach them. an«l it i » im vliable that they do reach 
thoui, and no means of preventing it now r\i >m, 

The. decay of metal bv elect ml ha * been approximately asrer* 
taint'd. Tlu* e^Hcnpt* of the voltage*. and ampere. u s-d in MreH rail¬ 
way Kt'rvit’o is twenty times that nece* o»r\ t** induce ferric corrosion 
and often more than twin* in muds in is ncrcv.an to decotujHise 
water in uuihs. 

A currt'til of (Ui ampere is Millieirnt f* * corrode » lend enverity 
to a eable or tlu* lend in a pipe joint Khuttiml engineers report 
nuHCH wlu*re the lead coveting of nililet h;e> l«ni deslr«*\e»l in ,*4\ 
weeks after laving. 

A pott'titial of of a volt e> all that n required to induee ferrie 
corrosion two milt's from the d\ tiamo 

A ilifTerenet* in voltage of ’JU n«!is has !*»*■**» humd between 
the two {'lids of the llmokhn bridge cable i, »nd tin* *litfermee in 
voltage ranges front t),7r» to H \olp» at all hour * and at all timei in the 
day whenever tested, and h uiwin. *> found electm [*o >ifhr to the 
ground. 

So long as electricity ol«*\ * tin*known law pert amine i«* if o genera- 
tiou find transmission, it will select the hue I.f I* a f j Uiiiiee, though 
it may not he the shortest in returning n mnj>.t p-nt of the current 
h) its individual source of generation It Will ;du. divide * n mulr, 
pick up otlti'r electric current i in the moil err.it i«* m.innei, and dej«»bt 
them in unexpected places, generally tmtcrr^nMr i.»r oh .creation 
or repairs. 

The large amounts of voltage and ntttjsre. u*ed m railway motor 
systems render stray electric currents more cerium and ejertroh 
more constant, even if a “shunt “ of the current from nnv adjoining 
bridge cable or structure wen* j«edible At the j.m>rnt *dule of the 


tmu 1 '’ ni the eiutli ami jin uu<l never, nr hut, momentarily, of the same 
potential. 

Ilumlteds of t'ii't'lite installations of a great diversity of power 
surround these bridges and provide a cause of danger that at present, 
if known or suspected, has no remedy or safeguard. 

I lie fuluie tesulls o| electrolysis on all suspension bridges may 
as well In' recognized now, rather Ilian be left fill the inevitable catas¬ 
trophe befalls, 

The corrosion of ferric bodies, not aided by electrolysis, is known 
lo be progressive, being nearly .10 per cent more the second year 
than the first, ami so on for each succeeding year. 

1 Hiring the must ruction of the Britannia Bridge over the Mcilia 
Straits, .some rejected plates x \ utnl | inch thick, were left unpro¬ 
tected and exposed to the spray and wash of the sea. In two years 
they had corroded so that they could he swept away with a broom. 

A few pieces of ironwork embedded in mortar or walled in some 
ancient building, or an old water-gate here and there, in some very 
favorable situation, may have remained inieorroded, hut there is 
little unquestionable proof that iron or steel in the form adopted 
for bridges or structural fnune-work will last more than two hun¬ 
dred years. 

in the Niagara falls ami the Alleghany River suspension bridges, 
after about tvveut \ live years of duty, an inspection showed that 
some of the wirt^ in fhe* outer strands of the cables nuixulc of the 
anchorage-, were corroded through, but the second and interior wires 
were *iitimh The reason assigned for the corrosion of the outer strand 
wires was that the "creep" of the individual wires under the varying 
strains due to the load and constant changes in temperature had 
worn a wav the h,»ile 1 linseed oil and other coatings applied when 
tiie uires Here Uruug and allowed atmospheric moisture to reach 
them. 

tl is now proper! to abandon the boiled oil or paint coatings of 
the rabies and to u«e a mixture of vaseline am! plumbago. When 
the wire-, are strung and ready to lumch into strands and cables, all 
of the interstices are to Uc titled as far as possible with this stiff un¬ 
dr due m’vture. flint to net as a lubricant for the inevitable creep 



element of weakness in providing n foundation U>r tin* paint coat¬ 
ings that lire siipjiosed t*» seal tin* cable* vvnter tight. 

Mi*. Hubert Mallet, (\K ilhililmi, made a report to tin* British 
Association in iSuKou paints f«*r bridge and cable iron w««rk: "That 
Ho luul tested {nil of tin* best Mini nio-u reliable term* pain!.-* and var¬ 
nishes then known, and u«»t one of llinu remained adherent and 
undecomposed for n single \oar under wafer in tonsil air, ntiti 
under conditions resembling Kugh Mi »«•<»■ roaM fog, their state was 
not much hotter. The presence of moisture evm to the extent uf 
a partial saturation of the air. developed a hmgun. the dernmj»oi4tion 
of which wiw almost iw fatal to the life »»f a paint its immersion in 
Hca-water.” 

(toverumeiit authorities state that there are over litKJ »it*|icii- 
Hioti bridges in Kurope, of a great vnrietv of span* ami industrial 
importance; many of them hating cvebnrs urUeud of wire rat tie 
HUHpeiwiottH. It is also stated that the life <4 the u Ite rallies uiiti 
anchorages have been found to In* prerartoin. tor oxidatem was 
in progress in the interior of the cable*, while the »n«-borage* were 
weakeutxl from tile nttai’k of wane element •' not at pre,ieut iietme<i " 
(evidently elect rnlyds). t hat there wa** in* rebutter f*» I »r placed mi 
the presorvalinn methods, or am rrttatuU tlmt ihrv had rffn t on 
the life of the struct tire he vend (went* tiv e v rat's 

The failure of the Anglers wire raS4e ntetpeudon bridge dmvv rd 
that it W?W imj»o«4hie to keep the hvdrate of httn routing med there 
in immediate contact with the anchorage inriwl Moiunre and 
earth acids, rnrixmir arid from the atmosphere reached the metal, 
and the lime-mating was prnrtirnlh m*cle% 5 to prevent corrosion 
M. Benmtleau in the *' Annate* de* font* H f imo^enr/' |sM, 
refem to a bridge in whirls of the 150 w in** forming' a eahle onlv |5 
were in good condition, the rest were brittle m %Umn. Hie bridge 
had been in line less than forty ventx 

Two other atwpetwion bridge* of short span fell after tvvmtv six 
and twenty-eight yearn’ duty. 

The Hiwpenition bridge over the Outran it xa liiver at Mahrrieh- 
Ontra, finished in IRfil, failed in iHHtl from a fracture of «.ne of the 

armhor el tom* Ttm !« kl... ..I.. I Jo. 





The anchor-burs in this bridge consisted of 12 links, one of which 
was completely corroded away and the others were, reduced to about 
one-sixth of tin' original size. The original sectional area of the anchors 
was 2 h i square inches, but had corroded to about 4 inches. An 
otUcial examination and report of the strength and condition of the 
bridge was made in iNSd, one year before its failure, which stated 
(hat "The bridge has been examined in all its parts and is in good 
and side rendition." A squadron of Uhlans went down with the 
bridge. 

An examination of the wire rubles of a suspension bridge, where 
coal-tar and time hud hern uses! to rout the wires, also to fill the 
interstices bet wren them where the rallies entered the anchorages, 
showed that lhr-<t* faith's were wrapped with ^-inc.h diameter wire 
and tin'll a canvas jacket sat limb'd with coal-tar and lime, placed over 
them. After lens than twenty years' duly the tar laid partially 
decoiiipo-HiHl and disappeared and the cavities were filled with a 
dirty, grayish liquid. 'Hie wrapping wire, also the seizing wire on 
the strands, were in many east's rusted through, and the cable wires 
derplv pitted. The damage to all the wiriw extended about three 
feet upward and outward from the cable anehoragt's. Beyond this 
there was a little rust, but no pitting, and still further from the anchor¬ 
age the paint on fho interior of the cable was gummy and undried. 

♦ French engineers of reputation now prohibit, the use of while- 
lead oranv qniek-drving paints on anchorage ('abb's. The failure of a 
munlier of .mpembombridgr rabies in France was directly traceable to 
the use of that kind ««f paint. Chalking and cracking of the coating, 
owing to the ernselrsH clmugi's of temperature to which they and the 
t .( t )(|es were evened, admitted water and held it, and corrosion of the 
wires at or neat their lowest position in the cables was the result. 

Knphorbium paint-* j«e^e?i‘dng elasticity, tenacity, and a quality 
that prevent * th«*m from drv iug Umedmrd ami becoming brittle, 
|,live proven the Uwl paints muni by French engineers for cable or 
other ferric work. Kuphorbium being of a non-eorrosive and anti- 
fottlmg nature, prevents the growth of atmospheric fungus, the 
dccoiu}Mentiou tif which product* 5 * an acid highly corrosive to iron. 

t it her redoum* n varnbdi j mints dries! hard and brittle and soon 











W(*rt* laid, ul'i» to flu' composition of the cun l iron. 

Scot eh t'.niy or forge iron was thought to he exempt from corro¬ 
sion, and tin* Hnehliug bridge nnrhor-plalos wore made from this 
brand of r;ol iron and placed in the anchorages under this idea. 
Hut many of the pipe* were ea*t in American foundries from American 
east iron, and but lit lie difference iu their eurroHinn and that of the 
<ilnsgow-mudc pipm hud ever been noticed. After the effect of cor- 
ro-dt lit by elec tjob .’e* had been noticed, to determine whether the 
composition of the ram iron Imd any power tu prevent it, pieces were 
rut from the foreign and American cast-iron pipes, also from soft 
end iron containing but little combined carbon and more graphite 
than the Scotch irons, and mail as ituodm in various electrolytic cells. 
The elect roly ten mud v »ted of sumplm of earth from various parts of 
the rit \, moi Oeued with distilled, hydrant, and sea-water. Tho cells 
were e\|Ki »ed to the action of eiirreuts of different voltage and 
amperage. 

In i t t ry the anode was eorroded. showing eonelusively that 
there is »•» iwneeiifi/ from » It of runt iron lined for walir-pipcs, 

lieritu-a* of im ehemieal composition. 

It wao determine*! bv the observation of the water-works’ engi¬ 
neer that the tubereulm mtr.bi.rn on the water-pipes when impro- 
t«H’t«%l other than bv the u mat thin coal tar or bitumen pipe dips 
wir at the rate of niton! of nn ineh yearly, there being a differ- 
i‘Hee in tie* rale ui eorrumou in the pipes of different metals, markedly 
in favor of the rh*>e gramt*d. white firm irons. 

Suummn/me the rej«»rt of many other water-works engineers, 
it upjteus^ that eotr«ojou fruits electro!)si'**, tubereules, or from other 
eaira-s b more rapid in wrought-iron f him ill east-iron pipes, iwo- 
ajHvliveof the Imd .4 iljev are buries! iu or In whatever influences 
tlmv mav lw 

llte '.mull amount of rleetmlydn in the city of Brooklyn gas- 
nnd water mum < wa- lim.Uv attributed bv Hmf, Samuel Sheldon* 
to the pm.ruce of the hard, thin, vitreous scale formed on them at 
the moment »4 earning in gnvu wild molds, and that this scale was 
a nun conductor .4 eleririeitv, Thm scale is similar to that noted on 


M) (ruviu ..« 

to on page !V 2 S. 

A piece of lilt* sand-coated I 'ip** \\ a covered with an m-mlating 
paint, lint leaving exposed u small area «<i il«e iheair This 

pipe won mode llit' anode in nu eleetroh in- •■•Tife*n I i- •. oirri'iii 
fhuvei l through tin* solution under n riven I M I Di.m under • i . thr 
cnntliiions with an anode from flu- ••uim- !■«*■* < m ;•*., < hui »Ap..m- 
a dean iron surface of tin* same urea i«< the -‘ia<- ninmi In 
Home of the experiment"*. in* eurreut m ail p.t Do- rule until 

voltage was raised to a number *«t .»!rn the « n* i ?>u*«- . mated 
with Dr. Angus Smiths eo-upona i .tp’.r.o • i * * i*> !•- -Uteried h\ 
electrolysis Ilian tin* pipes n>*i cate I Pm- m u!,»i»n.* .plainv ».f 
tin 1 compound added to tin* j»mer **t the il»*•;!s*- *<•. a* 1,-1 t the 
st.ray electrical currents ot low p«*i«*usi,»S In • «■** -m. 4i tint ,.t 
the city where high potent iul eurreut •> »*•.»* hrd ?!»■ pu*« *■!*■» ft**!*, »,i>. 

Was present, lint roiirealed bv tS»e linn .»»*d o2U<s<4 « o «<*ut mv »«t 

Dr, Smiths and other heu\v uufi 11 «• . 0.4 w.i. the 

more dangerous on this neroiiu? 

In every city in which electric - * 1 *-*•! t.ula a*. In-'n*!: . p>.nci 

service is developed, there will l«r a mnnl.ri .>1 it 'm " > -? i. j<..s» 4 u»i' 

to tin* muulter of power ‘ 4 nfi«nr. an l plant . !>■» in!r. j m »l *-i« rt t e .d 
general ion. Knell one ot t In* a- m fail.4 i-*n a in 4 j % >, ■ ns*, of . li*.su 
its own distriel that nut getieralU he mu >1 >•■!', i« no, 4 m the 
ordinary working of the station Hut th* <- h...m i.m. o»-, -,,-h 

irregular, daily and hourly, from the \an,sm: naton- ■? ih.- . mm. mo 
n'(piired for the work to he done m them t.-pr. «T, \ ,500 5* nee 

of poleidiul has lieen noted m hmh a - ’,-> 4 , 4 ,* ^.«-o nth !<-oi 

points in the same district or l« i arm a. ij.omo.- .0 •»; lh n« «• 
IIumo houndaries are alwuvs rduitmg i»» ,» or;sf.! .0 l< . \u--.j .»< all 
limes. It mntlers hut til lie* fr«*»» who !i dean* ? ?h« . s *. *. ■» u .»> )a-. 

nnderground metal or wlmt it < jNUrnnal. »■)«-< n..‘ e : . , s -n* 1 m 

every ease. 

Where eleelrieul iustaitatiose> «.f ,» .oop<-jIn i««i 

to fit), ()(){) are in daily Use, their «sil *n« 4 I !«■ ■. , 4 .41. a -»• * •! 

(he direel and return eurreum a-> ,r. .1 <«1 o.un « n. n , ■ 3 o»- e i-» 

(ion currents, always pri^eut !»<r tie- i-.ar- 3-0 -? > * '. 4 . ■.’.L* flo-r 



ulur.iii-4, the plum lariH nmv a*- well l>c reeogm/,ed now jus hereafter 
when the partleulath dangerous character of .stray electrical cur¬ 
rent** »>f low vulture ua.l large amperage is forcibly presented to the 
pniilie in ilt»* sudden *‘<illap <e of ■Mime important structure or gas- 

ami water ' Ilpplv \ telH - 

It i a fal e tehuuee that masonry, niorlur, concrete, or cement 
are iuiperv cm - (•« m«««,iure ami incapable of acting as an electrolyte 
such a-> would induce electml\-is, They are not insulating sub¬ 
stance-*, or at the in**1 onlv in the smallest degree under the must 
favorable eiremn >luuer» The\ are positively porous ami in nearly 
even ea *e, w lief bet te led it* large or stimll mass, are permetdile to 
all waters or moi.ture mid gases, mid in but a few exceptional eases 

ever I ten tine J h* tfoueld v dr\ , 

♦ A number ot elect rie light I’able conduits in Paris were constructed 
of n turret e. particular care tning e\erciseil iu the selection of the 
hydraulic cement and -and u-.ed. n> well as (lie ramming of it into 
place The conduit ■ wrte Jar above the waterdine uf the city’s soil 
and were cm id« ie I to be water-tight. The copper wires soon 
becuuie on eied w *f 1* v erdigu * and copper chloride and ho reduced 
in area that mounding and heating were of frequent occurrence from 
the normal cunnot . »»i the -erv tee V number of minor explosions also 
occurred, due to the g.r*e-i J«»r,snsj bv the decomposition of salt 
water that filleted through the cement when sail was strewn on the 
rondvwiv hut the cable conduit t«« melt the snow, '('lie gaseous mix¬ 
ture contained .on gen, in dr<»gou. and eldorine. the latter gas being 
due to the rhlotide »*f •=o.bu n in the nab water. The leakage of the 
current furmdied the elect und energy to decompose tiie salt water 
and life the mi v iutc al-«» to j**nu tlie eurl*onale of soda anti caustic 
soda (lust wa drp.» itej upon t he copjier uires. 

KarltirOtt are i Oil* tint•! were aim uned.lml were not water-tight, 
and tin* same dreompo Hi m *4 the sail water and corrosion of the cop¬ 
per w irei o« curre*| a-* ut ilie eouerete const ruction, and their use was 
j*ti»oft abandoned lie* elect rjc cal *le wiro are now taped or covered 
with a Inintmoou , r»«nij»»*!in<l to prevent elect mly tie action. 

I Te rnlent 1. 9 *iti sI***l m he* uiiiugurai address to the New htiglatul 
AsHoeiati«m .4 tot- Kng*u»n-»». March meeting, HK)2,t stated that 
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the conclusions derived from a huve number **l fe i and * l> er\atiuns 
of (.lie effect, of elect roly Ms on I lir ea • pipe \ lent. in ;t timed*• r i»f 
cities in Now* Kuglaud wan*: "Thai */,:»• |«i|*«"- hud with lead j«.intn 
have In per cent greater red'd Mice 18» ejeeine I'Hiirnl ihitn v\ iiter- 
pipes of the same diameter with duulnr > s >'i,-ned joint-, j tt 

wrutiglil-irou pipes have altonl the tme te i lanee a , the lead joint* 
in east-iron pipes of the same ilenueler. I he te i iauer a 1 \,ft 
hunt 1-ft'iiit'n 1 joint, as unliimrilv made. «»■ lmm 1.% i m» ii t,, pn.tHH) 
times the resistance of a lend eaulhe.l joint e.nnpat me pipe - i.t (■•pin) 
(UiuneU'r. That (he red'dnuee«»t the eejueut joint ilej<rut!•'»i in a gtvat 
measure Upon l lit* amount of luobhllV shat t he ninesit fair-, lip tijl, y 
setting. 

“ The nmehtsions drawn front the rsprtio.eut , made <>n ra pipes 
of all diainelers hud in dtuif nr lone -•nii. n, uric I hat all j«< tide* 
resist tlliee shoidd he insert ed ill I he pipe n I.mi So et.il. un* fin- joint'-, 
of some insulating or semi in ulutitu* matmtal wiih ,m a I*e t»., «*r 
larpai >er ring between I lie abut? mg end < »-t il.- pjp»- m oi.iet to 
break Up (lie pip** line into a-» mnu\ metalbr umt . * p.• tide, and 
isolati' (hem from all other pipe .«i *. t»m , .. s.u .»•- pt.mii 

cable and meelmuieul eouditi>m , would allot 1 he pip« . !<e 

coaled with a water-proof compound 11 >«* "tdm.tt i.-ondn «hj» 
coating or paitdiug with oil pumm had m* appt« < table *-!!«. * t t.> .h lav 
or diminish electrolysis ul the pipe., \*at In.dt auhe *»mi nnrr 
iltgS H'fTt' U'nrthh HH on account of the /mud w:f>ur .-} f! s e i i-o-ent, 
It, absorbed moisture, wn* inelastic, ami »-a ah .r.ded ».?! the pipe by 
frost, or tnechanicnl itijur\, 

M A covering made from ;i purl* of dm, « lean ••and and ? put.-i of 
coal-tar hoik'd to a pitch at lUVU’ l , made a noiJutr that ««•* brhiiv 
clastic at. ordinary temperature-*. «a-* f lionmphU «at* t ps..,.f and 
wh<*n applied to the pipe* !«* a lluefutrvt .»! 1 \ m« h* , had an ue olal* 
ing tWislnuce of over l million »>{ ohm , !*» the m»di \ hott 

piece of 2-iticll pipt* covered u it it the, mm lute and unmet eu m n 
strong solution of water nod »odn ndi tor s, honm, -de««rd no •iigia-* 
of tin' absorption of uuv of the »oluUon, m<t liad am de» rrse «* of 



Thr ruiTii'i*•(» l.\ aiim.'.j.liiMir rspoMitv in the Brooklyn Sus- 
jirti >i"it IB i<lr«- • u|Ti .niirHiir j, i irrj *1 \ seated in every square foot 
til' lit*' tno-iun* ;m<l j Sn-\.«u.| riairtiinn except by rt*lmiltlin^ it. It 
tokr > u <4 |*nmii-r. I MS* fait!H at work three years to paint 

fin- '.inu-iuir, !ti» i ibi- i pnoi ipnllv -erve^ to mask llu* corrosion. 

Thr \mIi; u.'r «4 tSi«» rli11n ul oil11riii>i pacing through tlit> suspension 
nil ilr-: Ini-: lirrii i rtrs i r< S f * a , I nit t Im'H' form'd ve effects upon tin 1 au- 
chi iruyo metal torii I hr niHT ••••■s! »ihtid thr low rr rtnls luusl always 

Ilf n rolijri fntr Phr r foil!-, air brumd repair, mid till' I'll'ftHeal 
current i. nbrilsrj Iimo, j hr f i ullri railu av mi t hr bridge, or from 
thr m-Mii--. > 4 l.urr in fnil.lie.m urmundiug thr Mntelurr, aro of 
large noipi l are. r>nr-t an! am I uun«nl tollable in artioli, That they 
will U«*t jil«0' art !’• r agent 1 ! *| rirrt |oI\-a-, jn Hi t| ill lllTonllUlCl' With 
pa t r\pet i*’iii •• 

in thr Mih< t }..» ! lln.-r -.itqsrji-i*»!i bridges, whrrr steel instead 
of jiiji.’”* ait *» ps«-i - at*- u •* d rum thr HU‘*prtC'ioii calilrs atul lho 
mijjtrf Jmrtmr. it ! • r\pi«f«'d fhut thr large Htrtallir coiiturt of the 
win* rablr > .it thr i-*|* >4 thr i ««1 t.twrt'. will form a short circuit 
and j'fMijn-i !.o an; .-!*•< lu- .tl that may reach them from the 

railu ns. nrUrad >*s a anr flu- am-h. .rai*r social for a terminal. 'Phis 
f!s«**.n ran moB !«• d«-!« imined after tlir bridge railway has been 
put in Mpriuts*'", l h«- pmnt-> <«f jnurtioii of the bridge trestle's 

with the ]*j« i • **n l-ub --s.lr-i s 4 iIn* river may divide the 

lr<*llrv rui!«•!»<•> torn nomU-t »»f de«n i-uniits so ns, in a measure, to 
protrel thr -tnntufr Hot i hi", ratio**! prevent the currents that 
ritlur So> the un«'lr»!uifr 1 1 ir tul fmn, llu-iisntnllutioiiH surrounding them, 
from many lb*- rubS«-* h.r shnr !rs»smtsi'«i*'ii, as they provide tliO 
and o., fullis path (<’» fhi-ir rriiM’lr^H rirruit, 

\ s«rfho! i.iu i.I.itm- i.. thr rlrr!r>*UU'» >*f the anrhoruge metal 
hi"?* jij it t mi, 111j.■ 11 * i'Sj Its’ljeSo' nii\ nuii«'Mal dnun other than the 
uni'Si? >>i the j• >>o j-.pt* .-abb-* niit-f b* it. In the WillmmsbutK 
Bridge, the um'h-n asm pit •* «*■»«• « urra-d down into the solid rock tutd 
if in»t i«T<w ?L,- «u!»s b * «•! ,4 i!»#* riu-r. Tin**** were not sealed 
water ijplif b-, .,n-, .'Urol..ill n.riti«d S s, luting the mqierineumbont 
nm^otin, tin- uv,« tr<tn.ri.sl win |«ut in ]<larr tinder a continual 


with Siuillt A- (Vs " humblr C««nimV‘ tin* si»ivs^nl«slm «»f jippp. 
injr n baked japan muling; 1 icing disproved mi account u lt n ,*t. 

Wlu'n the clmin of cyclmr.'i were read) fur fhr cable rouhiruction, 
nn imehuruge pit was pumped <lrv and she evelwrn in?>perfed, Thoujih 
1 he hnrs were mveivil wish Sun nuilMii " Iturahlr t outing." and i» 
plnce mily about two yearn, I he pain! uie nmrU destrm mi, and nam 
sion over I he whole surface ,4 she burn wherever She water h ;t ,| 
reneliril them was virulent, The is niJr.l ihoiu m fhr pit and the r(..r 
ussncial ion nf llte eyehurs togeiher an*! to their bed, tendered || ir 
cleaning Htul repainting of Sheas difficult and in iisnta fret *4 their 
length impossible. A new mat <4 \nruhh paint., li*»we\er. uu,-. 
upplieil in the (lump atmosphere of the pit, 

I'V the future protection nf She inel mm jl P» propo-;n! that when 
the bridge is completed and the chain of Imm are bearing their Lad 
ntul have adjusted themseivew to flint pertumieuf jmosSiou, to j.jgiui 
them again ntul till in between nu«l around them for a l.«*i »»r more 
with melleil hitumeu mnl to fill the pit with miurri*-, The* pbm d**r ; 
lit»l reueli the uiielmrnge plate-* mt»l useful in the I*«i%«<-r riel and u aiM 
eessihle part Ilf the pit . I he Colfodon fterpetit |-i *»nb rn'otrlud | le,| 
killed) mnl will remain inaetive h«t Imt a short tune, or .mb «», J,,i H . SVi 
the muerete remain* thoroughly, dn, '•something tmpo>wti4e t«* mumlnrn. 

The liilumeit coating «iem!alr*» the debar* ■«« fat a;J $; n ,„ |„, 
Upplieil mnl pitsHi^ mi whatever electrical rmtnif’s tiiiU teach them 
from any source to tin* lower end of thr nnrhoruge. where thr iu».p,| 
in nut protected, mm»«ion in progur-**, and tmn nlim«i t f 

quite impossible, To think that elect rob w ill Jest lake jiJinr hi 
tlit* metal lit Imlh end* «*f the bridge t*» t „ ignore biri/s iiiu* rt< h 
established. Klrt*tmly#i#, or inni rorr»»t on from the contact ««f 
melal with moisture, in thb nm\ b no! the m «.f thr paint maunbn’. 
turer; when* to place the blame \% not hard t«» find 

'Flic introiluetimi into uinriui* smirr <sf appliance* p.r the gt-urra. 
tioii ami Use of electric j«mer and light Iw* developed a t,m% f, )f 
electrolysis, that m«riou»iy r-tisliiii| r ’**r s s IlierlSiririin and hit* of all 4r ,, 
no equipped. An mutummtion nf t| S r 1 mini rtnerr l!n«4 4 h u 

for the purpoN{» ,,f determining llie effects »4 a rneut ^rotmdmg >4 ;h«- 

Vf^Ml'l } S H S* IihI 1 f a..l ... i. * » » 


Electrolysis on board a steel ship is not unlike the same develop¬ 
ment by direct or stray electric currents in land or underground struc¬ 
tures. Wherever a current of any potential leaves the metal, elec¬ 
trolysis is the result. In the case of naval vessels there is an enor¬ 
mous amperage present at all times and that cannot be returned to 
the dynamos, even with an increased capacity of the return-current 
wires over those employed for distribution of the current. 

Divided and induced currents, also the electric energy developed • 
by corrosion itself, will seek their own course either in returning to 
the dynamo or extinguishment in the ground connection. The 
latter, in the case of marine work, being water saline or foul in char¬ 
acter, is a more efficient electrolyte than any earthy substance. 
Hence electrolysis in marine constructions will! naturally be more 
rapid and virulent than on a similar ferric area and current exposure 
on land or in underground structures. 

As before stated, no paint or plastic coatings of the metal will 
prevent electrolysis. At best they may temporarily mask its progress, 
but it only requires a short time or a slight change in the conditions 
to reveal it. 

Corrosion or electrolysis of marine metal can only be controlled 
by the use of some alloy of steel that will minimize the action, and 
by such an increase in the thickness of the parts of the ship exposed 
to corrosive influences as will for a time provide for any reduction 
of strength in the corroded parts or alloyed metal; also by a plan of 
construction that recognizes the possibility of the evil and provides 
that corroded members can be removed without practically rebuild¬ 
ing the ship. (See page 339 for Dr. Wurtz’s protective method.) ■ 

Insulation of motors and their connections and the positive pro¬ 
hibition of the connection of any electric current, even of the smallest 
amount, to any part of the structure will reduce but not prevent 
the dangers of electrolysis, whether in marine or land constructions. 

In either case, constant and thorough inspection of all ferric 
surfaces by an inspector who knows what to look for, and is compe¬ 
tent to recognize it when it is found, is an essential. Even if the 
inspector cannot avert corrosion when found, at least the danger 
can be noted, watched, and a warning given when it is time to desert 
the shin. All f these essentials appear to have been absent in the 



